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mmma. Bnmai^non 
TIki tUtm fttraitb tbe rteliMt Mtaral toare* of M f m l p m « f i 
coBtafifflo w>tt »f tlie M s m t U l atcitary Mfso-tefdto. Tli«]r alto eMttf< 
iete lapartaat aourcM of o l l t of mrdfefsal aad iadttstrlal laponaM* 
aad ate aqaally ^ood aoaree of vltaoins (Vltdataa A asd D). Savoral 
other l a p o n m tagradfMtt l ike, laeltlita^ cfco]<»teroly ealelm aad 
pliospfiionit ar« fouad la ftati t fttaas, K proper oadentaadtag of t i e 
btoeteenfeal asfteap aad aotrttfoaal value of flab ts^ tNrefore^ 
esswttal t f flail Is to be appreciated as a good sapplementary food 
for proteta deflelmt aatloaa aad ! f I t ft to be ated as an loqpiortaat 
eeanodtty for doeettle aad fo re l^ trade. 
lavettlgatlont on tfee bloebenfitry aad aatrltloaal valae of 
flab started durlag tite iorld t ttbea aa aeate tliortage of meet 
tapply ocearred. Slaee tbea, wltli tbe developaeat of better aaalytleal 
techafqaesy wire preelse aad laterestlao data bare beea Atataed ea 
•aay laportaat aspects of ffsh bloehaslstrjr. Oarlao tbe last tbree 
deeades a large amaat of data bare beea eol Iwted by may ebesUts 
aad biologists. Som of tbe clatsleal works oa tbe sid>Jeet are tbose 
ef Atwater (1086), Clark aad Afaqr (1918), Jebatteae (1915^ 1917, l^lf^a 
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ai4 k, ItZO). D i l l <]921>, lov«n esd aatf b, l^aSi u d b, 
1943^ 195te tad b^  1962), lovtni and iKodd C]937)^ Jtastt aed Qavtas 
(1938)^ Be«f at a l (1943)^ vaa ^ k C19a)» SsHt at ai Ci9S4), Karrleb 
• t a] (19S6), Lova (19ST, 1960) aad tliantoa at al <19S9). 
Otber laiiortaBt contrfbatan ia tbla f ield ar» Valowaala (19:^), 
da Clateq (1932), Aaoayisoas C1934), El>Saby (1934), Ronde at al (1941), 
Ballay (1942), Batas aad Fei len (1940), Levaafdov (1950)^ Ul i i lsa i 
(19S1), LiiiiiiaQn(l953)^ Tsuebfjra et ai (19S3), Staasbjr (1964), Oilay 
(1956), Idler and GUoen a»d 1960), Bef«r (]9e0), T«rr (19^0), 
Coaseil aed Ooafsto (1959), ^ e a U ^ ) , tboapsoa ( 1 ^ ) , flukes 
(1960a b, 1961a aed b) , ^equot (1961), Qaaaan et al (1961a aad b), 
Connell (t9<^) aad Dyer aad Fraaar (1963). 
Tb addfitaa to tbese a aairijer of aatrftfonal tables eoi^lled by 
several atitbors (ieCaace and Sfddcwsoa, 194K); l^ylor sad ttecl^ eod, 1949; 
Vinogradov, 19S3j Swipsavaaqr et a l , , tova at a l . , 1%9) give tbe 
aaalytleal reaalta oa fcmartant food flahes. Several of f ic ia l ^Mraneats 
of F.A.O. (194^ and 1954) and tbe Ghltad Statat Departnest of the 
latertor, Flab aad Wildlife Sarvlee (Niltoa, I9S9) alto provide aaefal 
laforaatloa aa tbe aabjaet. 
la ladfa tbeatib tbe flsli faaaa la fair ly lar^e aad varied, l i t t l e 
efforta btve b<>c>a aaKle so far to atady tbe eomleto blocbemfeal aalceap 
aad aatrltloaal valaa of food flabes. Problem aa tbe bloebealatry of 
flab have receatly bera takea wp by tbe Tidlaa vorfcera bat eoaaldarlaf 
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tli« Ttrlety of f1tb«s that i r * fond our eeasUI aad fQlaiid «at«rt. 
the fafornatloB f t s t t l l aaagra aad fa Eaajr «••«§ rather faeoaplcte. 
laraovar, tbeat itadlea Hatra not k«pt paea nftli tlia gmaral Taduftrial 
dtvclopotat attoelatad irftli ffsl) teeliaology. Soit of tlia data aa ladlaa 
fisliat ar« aval labia froa tha eoaatal retiloat (Sashao. 1940: t^fyogl 
« t . a l . , 1941; Ap^aa aad Davdatta^ 1942; Setaa at al.^ 1944; Ckarl^ 
1948; Patakoot at al.^ I9S0; Joaki at a l . . t9S3; «ast«r aad Sagar^ 
1954; Wilaaltt aad Sakala, 1957a aad b>. Statlar stadte* aa freakwatar 
apaetea ara ralatlvaly fa« (Baan aad Oa, 1938; Saka aad Caka, 1939, 
1940; Baao aad Capta^ 1941; Afraa, 1 ^ ; Patkak aad Ojka, 1957; 
Natarajas aad Sreaalvaaaa; 1961; Bkatt et al.^ 1962, 1963). 
SMtMal vartatloas In tka ekealeal eoapoaUtoa kave also baaa 
atttdted ta oaly a faw eiarfae aad fraskiratar fiskat of ladta (Vaakataraaaa 
aad Ckarf^ 1951^  1953*^  Ckfdaribaras at al.^ 1952; Sakkaraa^ 1955; 
^aataa at a l . , 1960; Sraaaftaaaa aad ftatarajaa^ 1961). 
Oa tka fraakwatar foad flakes of aortkera fadia a eoapn^aaatva 
atady oa tke ckealcal aad aatrlt loaal aspeets kas raeeatly beea eo^pletad 
by iafr f (1966). Tke aatkor kat alto t^talaed aotable taforaMtloa m 
tke teasoaal rartatfoas fa tke ckenleal eooposftfoa of torn taportaat 
food ftskes of tkts regfaa. 
A stu<fy of the above literature tkowa tkat tke larettlt^tloas aa 
tke btoekeefeal cooposltfoa of flak kave largelf be«i ewiffaed to fleak, 
awstly fro* tke aatrltloaal polat ef view. M t t l e attentioa Is paid 
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ttvardt tfev «ttal]rtts nf other ffsb t !«•»««. Th® Mftlylfeel flQarM 
ar« teowa to tnry Mtanwatlir wttli tg*, tiff l td SMfoa, Md oaly tm 
•«MMMl to bo alila to orovf^t data that took saeii faetora fato aeeoaat. 
Tha affaets of a«a aad afza bava aot baaa tavaattgatad ta graatar 
datatt. 
A iarvajr of tfea l l t a m a f » ladfeatat that tfea bfoebaoileal 
eoaatltaaetf vary eaat Idarably f r M tfce prenaatartty or Javaafla pbat* 
to tba |iatt-a«tartty or adalt ptofa. Bovavar, oaly a tm atsdtas tiave 
baea mdartakwi la datatl to abo« that tlia bloebcafeal eo^>oslt1<» 
aadargoaa aeasoasl varlat!<wa av4»i ta tb« pranaatarfty pliaae. I t ta, 
t&erafora, apparmt that amsh work la to be dosa oa rarfoas atpeeta of 
ffah bloehaaiiatryy aapaetally oa tlw fadlaa fraahvatar apaelaa^ wlifeh 
hava ao far reantaod faadaqaately atadlad. 
Ka^tag tlia abova fweta fa alad tka prtsast aatbor took ap 
tha atadfaa m the btoeheailatry of the Javaafles of soae fraahwatar 
flahaa rapraaaatiaf tha aorth ladfaa aarlroasaatal eoadtttoaa. tlaaa 
taelada tha ctaalitattva aad qaaatltatfva aattawttoaa of varteaa eaaatl-
tuaata aa a eaaiparatira aad aaaaoaal baaia. Baa Idea ^  the ehaagaa ta 
the bloehaateal eoapatltloa of ffah vara datamlaad aa a faaetfaa of 
laagth aad a«a of tha ftah. Tha pr^ff i t mwtk also faelsdaa tha atadtaa 
aa tha dtatrlbattoa of eartala aaayaet to tha agga aad fa tha gaatro-
tataatlaal traet of adalt flahaa. 
Tha aattra afork eaa caavaalaatly ba dtrtdad fato thraa parta: 
. s . 
T!ie p»n I dctlt wttii the e«aptratfv« eltewletl toapatUim «f 
tbe mte le ftf riraat 19 of f t m h n f t fltbef ii«rl«g tite pr«> 
•startty U slso iMladcf tl»« elitBses ««ewrrf»g f» tlte blo^ 
efeMiesl ecaptttltlwi of tli« •itsel* of lgq>ortcst fMtlwtt«r 
t«l<»>ttS9 Bttwlyy Oblileiotelw pmucwb* Bloeli.. C l r r tH f otIpH 
n t t i (moeli.l «»« l f t t t t» f<wwilwl> (%k«fl> im 
r«Iatfoii to thotr Itsgth. Tk* f i rst fpeetes ! • • eoaa»> pottd mrro l , 
»ceee<f f t • « t l l lwt«m eavp mtf tli« tktrd «sd tw t th mwm emoevetaily 
foqionaat c t t - f l t k « . 
Tt« part IT <r«at8 «ltl> tbo •esttnal efcaa^et la ttie btochesilca! 
e<w|iotUtoa of tke tlttoes (««e l« aatf l lvof) of two la^r taet fratb* 
•Mtor f f t i m (£. •rtaala aaii SL, naaetatM) tfarfag tlio pnHmtarfty 
f>liata. Soasoaal oliaaQaa ta tke wfaeral eoataat of tkoso two ftaliet ar« 
4aaU wtth aa]«ff»t« ebaptara. 
tka ^ n I I I la 4«fetad to tha atadlof oa tlia distrtkattaa of 
eavtata nmfmm (plM»fil»taaa«> ia tka ripa^ aatpaaaad ag^ of foar 
4fffaraat apaetaa of fraakwatar flakot^ ia tka datalopiao ooeytaa aa4 
ta tka 9aatro-lataat1aal ttaet of Q,. pmSSHJHL-
pt()csDt3R& tsm mmmaunet 
aetn»5 or smplinc 
I . FOB c m p A u r m STODISS 
Fitiitti f r m AUgsrH f i tk M i t e t »er« eoll«et«d ta fr«sli 
eoedttlott tfeelf gvmadt «wMta«4 to Mt«re thst s t l the Udlvldadls 
«o«lytea wtm taaatart. The tiro tifSM m r t mot aMtytad t«panit«ly 
»f is oract eastt I t m t d l f f fea l t to <}«t«ratBe sex in vety toall 
fftfcfts. Ta Meh tpoeiai, tatft«idB«ls of a daffaita •f2e->raega aad 
araiQlt waM taktai^ Ai tba ftabet mra Yaiy • • • ] ] , a fair ly larqe 
aaal>a? af tadtvldaaUy asaalty tea «y tMra, vara vaqvtrad to <d}tata 
a taflq l^a of f lath. Masela ma earafally takaa oat ftoa aaeti fadltidaal 
aad Mda fraa fro« akaletal alasaatt. Tfefa »aa tliaa Iwapod togatliar, 
•aearatad la a kl^i apaad elaetrte griadar aad preeaaaad for varlaat 
attlaiatlaas. 
Ta atald aaataaal dlffarMHsas, a l l aatlaatfona nara carried aat 
darlaQ tk« aaoa matka (Aaoaat aad Saptaabar). Tkaaa vara appraprlata 
•aatka ta tka aaase tkst tka ja taa l lM of a larf^ aaai>ar of flakaa 
fraai tka aarraat brood vara aaly arall iAla darlag tkma Mstks (Qaala 
Md QayfM, 1961). 
6 
I I . m SSASQRML STI»I£S 
lev«tf]« ( laat tvr* ) f f t i iM 9f dMfr«d tiBc-naeo tw the 
of ftattBftl ^ u Q t t Is bioeti«ttfe«l eimpotttioft of tltgti«t CMtels 
ftRd ltv«r} «»r« obtained at r t g i t m iMHitfcly Istorvslt ov«r » porlod of 
•boot 24 oootho. Jovoollot of C.M-toolo wggQ obtoieod twm tbo loco I 
fitib mrtcet lAf lo tfcooo of fit* pjBSto$3H. torn toloetod poodt of 
Atlgsrli. At 0 ni lo, ootorltjr «• • rogoi^od at tbo a»tt fnponoat faetor 
ond^ tltoreforo, tbo Qoood cosditlims of tbo fttbes wort eorofolly 
estoblltbod aslao tbo axbttmry sebase bf C1957) to oisaro 
tbot a l t tbo liidlvldotit aaalfood wore Inoataro. 
llotho<te of tbe pvoparatfoa of taoqilof for varfoot oatlsntloat 
iforo tbo tMo at atod for eoofMifative atadtet (too poQo 6 ) . For oaeb 
t i t t tra daiplleato ottfaatloat «oro «ado la oaeb aoatb, 
n i . FOB STQDISS OK TBS atOCBEBICAL CQK^OSmON OF 
inif^ imtm estmnm 
Fitbes wofo eolloeted ftos oao loeal poad. tboy w r o wolgbod 
aad awatarod to tbo aoorott aiilllawtro. Al l fitbos wmn tboa amagod 
lato Imgtb m l M t o t oorrotpoadloa to yoar^latsoa to ff* glvoa by 
Qatltt aad Bbatt (1966). B^l leato tM|>lot of aboot too fithot wore 
takoa froai oaeb also-iaaoo for tbo aaalytl* * partloalar yoar-elatt . 
•atelo froM tbo traak rogloa of oaeli f l tH «at raaovod, laapad tofotbor 
aad Mooratod. Al l tba oattmtlost woro a«dt fa daplleato aad tbo 
•r l tbaot le anaa of oatb ooattUaaat roproioatlag ooeb foar-elatt voro 
taboa. 
e 
All n»1yfM m r * earrfcd ttat la Jmt after tba 
braadlag •«»«« «lica «est of t te atfalta war* t p M t , aa4 0 oraap ffahaa 
vara alto avalliribta iQayjriM aa<i 1964). To ato(<l aay dfffatwieat 
tkat at^hf arfaa aa a raaalt of saatoaal vartattoa or 4ae to aaviroa-
mmtal faetora, a l l tlui aaalyaaa «pave eoa|»)ate4 vttltls oaa week a«d 
a l l fUkas vara obiafaa<l f t m the aaaa poatft. 
IV FOB STQDIES 01 tm BIOCflESICAL CflWQStTION OT Cm 
my CAT.nsRES m beiatioi to rmm uhgtbs 
FrMkly CO I lee ted gpeefsest frm the local ftsb aarket were 
awaaared aad arraagad lato dtffaraat afa»*9roMpi fro« tfee aoalleat to 
tlKi l a r g o t . Farther pro«edsre of wHrelo amiilfaQ w§§ tite aam aa aatd 
for tfca aHrral. 
To pravaat tha lota of «otttora dtirlas tke praparatloat, aMfilaa 
for a l l tha above a tad l^ vera ke^t fa glast eoataiaert «Hli p r ^ r 
cavar. 
y FOt STQDIES ON TBE DISTHBUnOH OF PBOSPBATASES Bl PISH EGGS 
Lira aad alsoat raaalag ftali«i were oMataed at tlia peak af 
braadlag aaatoa aad tftetr agva ware raaavad iModfataly by opaafao the 
avartaa. Tba aggi tliaa eallaetad vara mshad vltli eold dtatt i led 
vatar, vlpad gaatly aad tralf^ad. IHey were tkea boaogMtzad fa eold 
dfat l l led nattr (6 mi waa aaad) by addfag a umll mmmt of lataal 
gar aad eaatrlfimad* 
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n FOR snajiES m TIE bistbibotrsw OF POBPHATASBS W rm 
oEVBLGPSie oocms or o. p a n t o s bujcb. 
Fer tllet* f t a d l t i Id ft. pSBeiii it ftsl^t wtm preeartif 
ffott t1i« local pMds darlig tfc« bMCtfitg tessoa lAleh la t t t rnw H m 
t« StptMter CQTIIII Md 1961) «sd darlag «^tet> period ffttMM 
belMcjing to • I m t t a l l ota^os of mferatlos, leeltsdlag tiMi tpoat 
•tago aro oat l l f avallabl*. tbo Mttority sUQas v t n etiattliabod 
foilOMlao tlio axbitrarr e last l f leat im of goaad eoadltloa ( • • * Ootiiiy 
l^ST). 
FltkM wmn dttsoeted asd a |»ont<M of t^etr ovarfos tias fixad 
fa 10% fonnlfa for alioat aa boar. Oo tmvimin^f tita ooeytas were 
earafolly taparattd ft<m the adhorlnQ tltsaes. Dlaiwtor n^ordt varo 
e^da aadar a ateroaatcr vfe pfeea. SIsea tka rtpaalaf and rfpa ovaries 
QL< pfpctatua c«»taf8 aore tliaa oaa gtoap of ooeyta* of dlfferaat 
• isaa raprwaatfag d i f fa rwt stagat of mtuwHf (Qasis asd Qanraa, 1961 ^ 
•aaa valaat of a largo aaabor of ooeytts vara datarataad froa tbraa to 
four avaraga aica ladfvtdaalt. Matliodt for tlie pn^rat ton of ooejrtwi 
for ekaaleal aaalyaft vara tha aaaa at dMorlbad abova for tka agga. 
F I I ROK STCDTBS M M DISNTIBORTON OF RAOSPSFTTASES I N T I E 
CKSTtOulNTeSTlNAL TRACT OF 0. POWCTATDS BLOCB. 
Llva fliliea abtalaad froa a tm talaetad poadt of Allgarh vara 
ptthad aad t l i t i r altamitarf eaaala «ara dltaaetad oat laaadlataly. 
Tftata wara eat iato aaparate ragfooa aad aaeli portfM was wasliad fa 
eald dist i l led rater so as to raaova the cMtaatt of .tlio laaea aad 
tbaa dried aa a f i l t e r paper. EaeH portloa was sabseqaeatly boaogaalxed 
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s ^ m « l ] r (» a famrfl qMstlty of eold dlft11I«tf m t w Md t« f t« l g«r 
a»d e«itrtf99»a. 
I t a l l tfca abova rai^a atadfas doplteate ei* tr iplfeata 
aatfantlama «ar« moall f M i a . 
•ETBODs OP esrmktim 
lOISTOKE 
itoittara ia varloaa tfsaaas M f dateralaed aeeerdlog to tke 
staadard taefcaiques givan ia tka A.O.A.C. iVftO), A mfftiod «aoaat 
of frwfe aaaple (S-tD ga) ma takim fa a ai l lea eractbla of a kBom 
weight aad kqpt fa aa elaetrieal own flMfatafaad at lOO^ C far aboat 
14-14b koaia aat l l a l l tke tvae^ of ootataro nera eoaplatalr ax|>allad. 
'Hia eniefbla «aa thea eooled la a dataleator aad raaafgked* Tka 
procasa vaa repaatad aavaral tfaas t f U tk« eraelbla abovad a eoaataat 
wafgkt. tko valuat tkua abtafaad Mfatora fa fr«sk tiataa «aa 
ealealatad. 
Otf lATtSB 
Aa aattmta of tka patreaataga of total aoltds or drjr aattar ta 
tiaaaaa «aa aada bjr arittraetlag tka mfatara valaea fra« 100. 
ASM 
For tka datamlaatlaa of aak eantaat a faioini aaaaat of fraak 
aaapte (5*10 (p) «aa takes la a watgkod ai l lea eraelbla aad kept la aa 
avaa at m ^ (A.O^.C., 1960). f t «aa tkaa igaltad t i l l I t baeaM 
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eMqE»]«t«l)r iiliftd aad tli« Mil iKwam fr«« froa etiboB. tlitt eraetbl* ««s 
rM«tt|l>td «fl«r eoollag asd tke wliol* proeats r«pMt«d t i l l • eoattaat 
waigbt «•• ^t«ta«<}. Tli« paretmtages of atli ! • ttisuas vara ealealatad 
oa fratli valQbt baa la. 
TOTAL FAT 
Total fat ma datanfaad by tba *Ck»Bt1aaaaa aoxhlat axttaetlea 
•atbod* aatag patrolawi etbar (ft.P» 4l>*tiO*C) aa aolvaat. Aa tbe aaa af 
aolvaatt asd taebaiqaaa aagoaatad by otker norkan (Lovern;, 
ara aoaH i^kBt tfaia eaaamiao* tba oaa of patrolean atber aa a aolvaat 
fa roat iaa aaalyaet ta tb« praaaat eaaa «aa fomd to ba <|atek aad 
affaativa. 
FrMb ttaana aaoptea M r * drtad la aa ovaa at lOO^C, alxad aad 
groaad tboroagkly la a *Braaa' alcetrleal grtadar. Hafgtied qaaatlty 
of aaeh tiaaaa an^le vas takes (a WkataHiR fat axtraetloa tklablaa. Tka 
thlablai eaatafftlag tkaaMtarlal vara thm plaggad wftk cattoa «oal. 
Extract foa m s carried oat witk petrolam ether la aaxhiet apparatM 
far abaat 10-12 kaara. Olati l latloa of ao^veat froa tke fatty axtraets 
«aa daaa by keaptag tke reeetviao flaaki oa a water bath. The flaaka 
were thea kept la aa arm to raaave tke f laal traeat of aolvaat, eaalitf 
fa a detaleator aad rawelghed. The laereate la wefokt gave aa fadioc of 
fat frail «ifck the pereeata«e of fat ms ealeolated oa a freak n e t ^ t 
baata. To eaaura eoi^late fat extraetloa fro* tke tlaaaety the proceaa 
«aa repmted t i l l emataat weight was obtalaed aad there waa ao fa ther 
laereaae fa the vefght of the reeetrfag flaak. 
Fig. 1 Calibration curve foT the estiaatfoo of total BftTogen. 
0 01 0 02 0 0 3 0 04 0 05 0 0 6 0 07 0 0 8 
m g Of Tota l N i t r o g e n Per 10 rnl 
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F801EI1I 
Tli« cstiaattoa 9t pm«t« fa d l f f c rmt t l tSMt wsm ••(!• hf 
\ 
9 l t m f iwdUyfag ( m 3 ) «ter«.kjel4»li] mthoi ( • • • »lt<i 
•5 
I f t f r t , 1966). A kiam mmmt «f f rnD • • • p i * (O.I ^ i ) «• • 4l!«t»t«4 
f« S al of «str« p»f« Caltvo9M-fr««) •«lpfc«rle aetd. PetMtsto* 
p«fs«lpkste M i asad as aa axldtslso agaat. THa digest toa wlhteH 
eoavatts a l l tka aitrogaaoas aiAstaaeat fato aanoalaa salpbata «as 
earrUd oat la ^llaaftam*s alaetrleal dtgmfea assaably aad ami 
eaatfaaad t f l l tke digastfos saa^la baeaaa «atar clear. T|i« dl^stad 
•olaifoas »ere dllutad trftb para dfst i l led vatar to a fcaowa volaaa 
»1K Kaova allqaotes of tklc salatloa arara tak«i la aapavata tabas 
aad tkaa aasslariaad bf addlag KoeH aad iteRaekia'a fiassler^a ratgaat 
(see flMfk at a l . , Tlia prlaalpla laaolirad Is tiia eoaaarsloa 
of aaaaataa salpftate fato oxidfaarearle lodlda (OBg)^ W^t vlleli Is 
a bn«B ealaarad so lottos. Tbe fataaslty of tbe eoloar prodaead is 
direetly pr(H»orttoaal to tka waoaat of aMwalwi aalpkata eoatafaad fa 
tba aolatfoa. Tka eolaar iatrasitjr was read agalatt a blaak solattM 
•a a Ilatt-Saaaarsoa pfeatoalaetrle eolorloeter osiag a graea f i l t e r 
v l tb a apaetrsl raaga> 500-570 m/tt* 
Tka raadlags abtalaad for ^arloas sa^»las were tbaa read off 
agplast a staa^rd eallbratloa eartra wkteii «ss prf^>arad by plottlag 
tba ealarlaeter raadlags of sarlally dilated solatloas of aaaoalaa 
aalpkata (see F ig . I ) , tka staadsrd solatloas of aMMalwii salphata 
always eaatalaad kaowa aaoaat of altragaa. Tkia gave a direct raadlag 
. 13 « 
of tfite mmmi of total litrogoo piwottt I t vorteits i M p l M . tli« i»«ve«itage 
of prototo «•• eolCBlitod bjr Mltipl jr iag ttio total aUrogoa valiitt lijr 
tfce proteia faetor, 6.26. 
CABBOHTOSATE 
No ftlroet «itlaattoa of earboftydrato was aado la varfottt ftab 
aaaplet. Aa approxloato oatfoato «at, iMMtover^  bf dlffereaeo^ 
tliat f t , hf tid»traetf89 tfeo tan of tke ralaot of aotaturo, fttt, protoia 
aad ash froa 100* 
CAUCIOI 
Clark aad Colllp't mtbod «as capl<qred for detoralafag 
tko ealetom eoateat to eaeli ttasse. A mtgtitd aaoaat of t I f tat (5»ia ga) 
waf tgsiUod aad tti« ath ^taiaed »at dtasolv-od f a di lata hydroefelorfe 
aetd, l»otled aad ftltarod. Dariog ttio f l l t rat toa tlio rtatdae was g t m 
oao or two natktags wttb disti l led watar. Tka f f l t m o and the vatlilBgi 
ware eolleetad fa a beaker aad thea wade to a imowa volote, ataally 
a l . To tb i t wat added a 10 a l of aatorated tolstloa of aaaoataa 
Malate whieii rMalted la t i e preelpttatfoa of ealefiw aa ealetiai 
oxalate. T i l t waa adjaated to a p8 a l l fb t ly laai tban 7.0. To eaaare 
a ooi^lete firaaalar preelpltatfoa of ealefaa atlty t i e aolatloat mre 
boated oa a taad batb for aboat 3-5 boara aad tbea kept overalfbt. Tbe 
aelatloaf were f i l tered tbroafb *aak*leat* Vbataaa Ho, 42 f i l t e r dfaea 
aad tbea waabed aeveral tiaea wUb bolllag water. Tbe praelpttete aad 
tbe waablaga were eelleeted la aa Erleaa«fer>a flaak aad dlaaolved la 
Pig. 2 Calibration eitrve for the estftsatlon of InorgaBie 
phosphorus. 
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19 al «f 1:4 calptiarle •ef4. Tli* t idit ios of tslpkmrte aeid eov tmt 
tk* ealettn o n l n a i i t o o » l l c scid «ihI c t l e l w falpliatt. tke oMlle 
Rcld !s tli« sdlstlcs «as Heated sad %Hf«i«d agaiaat a staadard 
potatsfaa pavanagaaata aolatfoa Cd.Ol N), I of wkfelt ta aqatvalMt 
to 0.2 ag of caleltn* Tic a«eaat of ealelan m i ealenlatad oa a fretb 
vaigbt batl i a» mg per 109 q* of f m l i tisaaa. 
PBQSpnOBOS 
l%os|i!iorttt fa varloaa ticaaes was oatimated by the sethod of 
Ffake aad Sabfca Bew ( t ^ K H e protefn dtifeated aai^»l« (aee wtfeod 
of dtgaattoB aader protela aatlsratfoa) «at dilated to SO a l . To a 
kaova allqaota <19 a l ) of ttiia aolotfon «as adddd 5 al of 6.6% aaaaataa 
aolybdata aolatfoa aod S al of aalpli»rte aetd of tbe strength of T.SH. 
Tb« ptioapkoaolyMfe aefd wtiteli la produced hy tke addltfon of tlie above 
raagaata was redaced bf atktlag 4 a l of freskly prepared ferroaa aalpfcate 
(FaS04, Tf^O » 27f).03) aolattoa (10^). Tbe aolatfoa «aa then oada to 
SO a l . Tlita raaalta fa tke appearnee of a blaa eoloar alioae fatmafty 
ta proponfoaal to the aaoaat of pkoaj^oraa pratmt. Sfatlarly, a blaak 
ttdle «aa alao prepared and tke eooparfaoa of eolour fataaatt^ea «aa 
aade oa Xlett*Saaaertoa pkotoelwtrle eolorfaeter at tag a red f i l t e r 
«ltk a apeetral raage of 6 ^ 7 0 0 m/U. Tke valaes ^talaed were read 
off agalatt tke eallbratfoa earve (Fig. 2) aad tke aaeaat of pkeapkoras 
arai calealated aa ag per east oa freak weight baata. Tke eallbratloa 
earve ta tkla ease wat prepared by takfag readlags of a aeries of 
dllatlaas of ataadard pkotpkate aolatlea of aoao-|K>taialaa pkoapkate. 
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5 » l 9f t b l i tolotloii emtafai a.4 of i^os^eras. 
ALfiiLBiE piffii^Mmss mttvm 
the alfctllae pttosf^atas« aetivitir fa dtfferest tfaaoet «as 
<i«t«raiiied aalsg baffamd /?*9lye«r«|»k>tpl)ata sabt tmo of Bodswlgr ( i ^ ) 
tHe Itbaratad photpfcsta »at oeafttr«(} eolorftteivtedllf hf %tm aetltod 
of Fitke and Smmnm aa aaogMtatf hf Bavir et al (1954). 
To I ml of preparad liosogaaata (aa« pagaa P-iO ) «a» adtfad 9 ct 
of aodtw /S -0lfe«toi^oapliai« of a 9 .4 . Il i la mw tbao laeidiated 
for aa Hoar at Sl^C. At ttte of laeotottots fMivlod p m e l n wat pfaelpt-
tatad hf addfag t ml of cold trIeblo*o-acetfc aeld. Coatfol mx blaak 
aaiq^la havta^ 9 a l of t6e atiova si^i tmte and 1 ol of aat^le kawssaaata 
«aa llkawtaa praparad hvt kept wtt^ottt iaeabatloc aadar alaf lar eaadttlaaa. 
tlia dapratatataad aanpira both Ineotiatad aad aalaet^tad mva 
Itapt la a rafrigarator for abaat aa Hottr aad f l l terad ttiroagk tftatnaa 
Ko. 42 f t l t a r paper d i tet . Of tltia^ 6 ml (bot^ iae«bat<Kt aad aalacitfiatad) 
«ara talraa fa aaparata ta i t tid»«i. la a tlifrd taat tvba 8 a l of ataaAird 
piofpbata aolattoa (aaao-pataaataa phospbata) eoatafafag 0.04 m of 
pboapbarai w»i takaa. To a l l tbase tabaa «ara added I a l of aolybdata I I 
raagaat, 0*4 a l of aafao*aapbtbol aalpbeafe aetd raagent aad&,6 al of 
eold d i t t l l l ad aatar. tka tid»e8 tiara thaa allo««d to ataad for S ataatat 
for f a l l ealaar davalopaaat. A blaak «at alao prepared a ta l lar l r for 
eoaparlaaa. Oartag a l l these praparatloaf tbe were kept ta 
baaken eaatataief araslied tea. Tbe ealaar tateaaltf was read aa Klett-
Saaaarsaa f^toeleetr ie eolorfaeter aaiag e red f i l t e r Capeetral raaoe: 
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649-700 a ^ . } . t^e fiMsrgtslc p^ospt^ aras «r8S €ales!at«tl as fellswt? 
fiMdlse • f tlie miiwMa p.QI 8 . . 
ef tfee M t m ^ t i « ^ « - f - « 100 « j f ^ j ^ l e 
Tlie 9kos{>li«ttf« aetivity itts ettealtt«^ la terat «f 6o^a>%f 
«alt« by s^traetlag tlie <nil««i of eoatrd! aai^ila tram tho».ot the 
fae^atad M W . 
mm PBOsmtASs ACTi?tTf 
in* »9thod med tow t l i t datetefaatten of aeld pftospfeatase 
•etivft jr mm aioKist s la l lar to tbat ttted for the detainlnsttoa of 
alkalfaa aetfvfty axeept that tb« baffaradi aeld pfeospfeatate 
• a l i t t m a (pfi 6.0) ef ^faoMira «t a l at ssf9«itetf hi^  iMk at a l 
Cl^^) vat aaad fftr tbe 1geid»atadl as «el l at eeatrol am^plet. 
CAioBiric mm 
The catarlfle ar aatrftfv« valoas 9f tlia aaaela naira calealat^ 
bf at tag tba Iteetan 4.1 for {»r9taf8 aad eafl>ol^drat« and 9.3 far fat 
as givaa by Jafrl at al (1%4>. 
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BiQDiEiiCAL cmmntm OF rm iosci£ or SOIE p^snmtEB r t s ^ 
omwa tBB wsEjrnmmm ram 
mriODOcriOR 
••rk«d vavlattoaa litv« be«s aoted by M r l l « r «rork«rs tii« 
bioeb«S9leal eoapofltlon of tbe seae ftsli fr<»i t fse to tfoe (Lov«t« 
and Sood, 1937; Han at 1940; Aretalo, 1949; VaakatamsaB 
aad Chart, 1951; Idlar a»<l BItaafS, 1960; Vteatan at a l . , 
I960}. Hia aa^ltitda &t tbate varlatfeet fo a f l fb itartag mrioaa 
perfotto of Ha I f f a blatory ara atirlbutad to aaay pliyafologleal 
faetors, of nataTfiy jptrlaps ta tba amat Im^naat* te a fa« 
•avl lar favaatioatfana tbe ettaaga ta tba fat eoateat of flab maela 
tfarlag tba pvMmimrHj pbaaa bava baea aoted (Brsna^ 1924; ffllaaa^ 
1999; aa4 SaMaraa, 19!^) aad aora raeaatljr eoaaldarabla taforaatfaa 
aa atbar Iblaebaiatcal aafiacta taeladiag tba aatr l t lve valoa^ Mtaljr 
aa tba adalt flabaa ba« baaa gfvaa by <lafrt at a l (1964). Havavar, 
aa attaopt bat baaa oMKia to ttady tba bfoebenleal eoa|>oalttaa aad 
ealar t f ie falna of tba JavMlla fiabat (darfag tba pra>Mtarfty pbasa). 
Tba prataat eoawoiieattoay tberafora, i« tba f l ra t froa Xadia daallag 
with tba bloebeaieal aaalyita af tbe m t e l a af 16 dlffaraat tpaelaa 
IT 
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ttf laat tare ftffe«s* A eoapsrfsoe betwees tba hfoeh«0te»l emqwtitffHi 
o f J i i vw tUs u d adalt f1tt>«t lias t»roaglit to a u y t a t t r c t t lBg 
eftsages vtifeb tito f<sk eadero9es froa p r e ^ ^ t s r l t y to t&e pOit-
natorUy pfetst. 
HSSOLtS /Un) OISCQSSIOR 
/ 
I . peorrsiii 
Pm«ta eoBteat la tke aaselo of t i e Javeaflet of a l l tko 
S|»«e1«t aaalfsod rasged froa iriiottt 10% to t9f on fre<t> wof^tit btsft 
(Tablo U . ta gaaeral^ the carps were fouad to eoistafa tke bluest 
protcia eaatant, tbe afertga betag 18%. /bioagat tbe earp*^ tHe 
laveailet of Cfrffttpf a t lS lU f U ^ 9n6 i^lfrM t t f i i f eoatalaed 
tbe Iilgkett pe«e«ataf^ aad tbe • i a imn valae m t reeordtd la Cafla 
eat la . Fa l r l j valws of proteto «er« reeordt^d la eat-f1sbe« 
•ad narrolt (avoraga aboat 171I). hmnq tbe eat^fiskea, CalHetttoai 
fyfaf^yjttflf, abo«ed tke ttiafwm proteta eoateat. Otbemtae, tka valaet 
te eat-fi ik«« aad sorrelt were aere or l(Mt« ideatfcal. 
Tke Jateafles of f«atker*baele« were foaad to be rather peer la 
protela. Tke valaes ranged froa about 10% fa Hotogteraa aotepteraa 
to abeat 11% la j l . fifcUali,. fa apfay^eel^ IZe i i lL tke 
pereeatage of protefa «as ealy abeat 12%. 
A eeoparltoa of tke protela valaes of tke oiascle of javesllet 
« l tk tkote of the sdaltt of tke aaae tpeefes reported earl ier CJafrl 
et el.y If64) veafd fadleate that except for a few apeeles like 
O a t l c t p l m l t DWicftaiy ttf<«tB»y A. l o t o n f m . R. ci>lt«l» mud 
1* IDEKUEt prot«fa eontmt of th« Jafeii(}«s imt generatl f 
H i t f r kigb tmlmt tmf btt b«e«as« of p ^ a t t f mwtgf ffvqiilrttWMtt 
for fTowtli tad Mt i lMSt ta . ]o» f^rotels r«eord«d 
In j a t m l l f l s o f t m n t i m l e t I t k * ft. p m m S E ft. iMO 
d f f f f e a l t to f i t a r p m asd f t mf Mem probsble that t lw gvoertfei 
v«qa<mi«»tt of thtm« tf)«elet av* aet v f t k bjr t%« tmvrtm sK^t I f tad 
la ti»aac» otker titan otitaele. la aotoptarat^ 1. c>t ta ia aad 
»wwitgi a l t o vAare the Jwreal l i^ potsestad lover t»rot«to eoataat 
tbsa tlht adalta, tba i r fat eoatmta ware also low bot tbo earlnAydratc 
raise* twra wmty tUfa f^tobi^i f ledleatat t l iet %h» meww 
fa tba fiasele of tHaie flalie* darta^ tiia pra-owtttrity pkaia I t la t i a 
fofii of eatboi^drata tesarvaa. t%a ad«lta of thase ftsftas iNara i w 
earboliydrata'eaatut C^fr f at al,^ I ^ K I t f t fntaraatlag to aata 
tbat Ift N. aotoptaraa tlia eaiHDalifdrite coatmt f a l l t from aboot la 
tlia jafaallai ta la tbe adalta. fialatlveir Ion pareeataga of 
Ijirotato la tka jaraaflaa of tbata foim a l ia at^alflaa tba f>r(^abla 
traatfoffsuitfaa of p m a l a la to aaibobjpdrata tbroagli olaeoaaogasittl* 
of a»f80-aeldi. la eat^flabaa^ tka protafa ralaaa of tba >araallef 
ara of tpaelal lataratt , for « i l ika tbe adaltt , tbay ara ai^jaetad to 
l i t t i a rarlattoaa froa oaa apaelet to tb« otber. gxe<^tlaf 
blaacalataty tba pere«ata9«t of ftrotafn la a l l other eat->fftbaa 
vara ala»tt Idaatfeal aad ibe taaa wat trae la mrra l * alto. I t It^ 
tkarafora, avidaat tbat la eat»fitbet aad aarralt^ t|>aelfte varlatlaa* 
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t i tb« prot«fB eo»t«st eeear ftaly «fi«r tbe f i f l i liai attataed aatarlty. 
Tbt« mj po«t1l>ty be doe to tb« d1ff«r«seet to th« r>te of feedfag of 
•dal t t aod jwrtolles. H f t vs l l fcaomt ttiat tharo are H t t i a flaetaatlaas 
te thu faediao m a t of javealles bat la adaitt the flaetaatloat a » Ewra 
aarted at tkey ara govaraed b; geaad natarlty aad tpamlag iQajryaa aad 
^ata^ 1964). 
A eldaa axaafaatlaa of Tabla 1 w i l l reveal tliat tpeelet atbleli 
ara e late l f related tytteostlcalli' bare t i a f l a r protefe valaet. Tklt 
i t baeaate tbe protefa dfttrfbatfoo la ifce aatcle I t toaewliat groap 
apeeffie. Stallar feature has beea reported la adalt fisties (J i f r f 
et a l . , 
11. m 
th t aasele fkt of javeatles wss low. Tbe values f e l l wftbla a 
raaffe of 0.020% • 2.219^ oa fresb welQbt basis iTable 1). la oarpa the 
raloes were slightly higher thaa la other fishes (aterage O.IHSII). Blgh 
ralaes were aoted fa C. raba aad & taraaa aad lowest ta labeo ealbasa. 
Aaoag the eat-flshea tbe fat eoataat varied froa 0 . 0 3 ^ la Brat as 
teeaohala te 0.113% fa C. b^aaealatat. Tt I t laterettlag to aote that 
adaitt of eat-ffthet^ oa an average^ thowed the hlgbeat fat eoateat 
(Jafr l et a l . , 1%4) bat the j^vealles of the saaM» tiseefet recorded 
the lawest fat coat eat (average 0.064%). 
Aaoag aarrela, tbe juvealles of j]t. aaactatas sfemted 0.4S7% fat 
>at la $t* atrlataa the valae was vary lew (0.02(1% oaly). Belatlvely 
higher fat eoateat (O.T71%) was dMarved la the javealles of feather-
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hMk^ E. e h i f la,. bHt In ttie other f«»tli«r-^aelr tbe fist eostcat was 
lav (abaat 0.070%). The bfgliest fat eoat4rat (2.219%} irat reeordiad 
ta tba Javeaflat of spfaf»««!. It. aiaataa. TInm« data fadteata 
tliat fa Javaatias tfca fat eoaiaat Is aet ^roap tpaefffe aad tHat I t 
vartes eoasfdarablf tttm aae gro^ to tbe other, arw frflsa siMNJies to 
apoelet. A eoa^parlaoa of the fat valaet of Javeafles witb tbosa of 
tho adalta <<lafrl at al.^ 19641 raveals that enapt ta Ql. naaetataa 
irliera the fat eostaat ta aliffhtly higher thaa ta adttlta, ta a l l the 
other apeeles the allele fat ia Javeatles fa lower thaa fa the adalts. 
Srtdeatlyi tbe degnM of fataess faerease* as the ffsh advaaees towirda 
Mtar l ty aad eoateqaeatly^ the mseles of tbe ffah la the poat^Mtarftf 
phase boeoae oore fatty thaa la tbe pre-mitarftjr phase. Di l l <1921) 
has aeted that tbe tarttare ffsh shows lower fat eoateat wbea emfjared 
to the flMitare ffsh. Offfereaees have also beea <^seryed hetwera the 
fat eoateat of taraatore aad watare berrlag by 8r<K;e (1924) who aoted 
that the elder aad a»re amaally wit ore ffsh bad a bfgber fat eoateat. 
Ia Xaax herrfag ta aay flfvea af|aHI^<*P| the mte fs the saacual ant erf ty^ 
the hfflier Is the fat pereeataoe (iflroy^ 1908). tfllsoa (1939) while 
wor1cfa9 oa the fat eoateat of floaader has also raeordad dlff«raaets 
betweea tbe tetaess of laEsatare aad afatare fishes. Re feaad that tbe 
larger ffshM tead to be fatter thaa the smlter oaes. Ta the ribboa 
f<*h^ Tirlcblaraa hafela (Forskal) tbe mtarlaQ fadfvfdaals are^ oa the 
whole, fatter thaa tbe fwiiatare oaes (Setbarsa, 19^) . 
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Tli» fftt emtMt of atfalt ft«li«t kM been fomjil to !>e fevers«!y 
r« l«t« l to pretotB (Jofrt «t st.^ 196l>* la juvoaflos slthoitQli this f t 
ttot t t r l e t l y toplfeobl* m 8 rtile, tbe tavetsc relstfoeslii;) dots eaeftt, 
boifovor, ! • •dalt fftbot tfee strlet eorrolatfoe my be bee«at« tlio 
I m valttei of preteU » » gosenUy aeeoapaste^ wftts r i t tng valaes of 
f»t probtbly to seet tbe fsercMfsg domadt of gonad Mtarsttoii. Sfaeo 
ao aaeb ebaaf^ at are tfkoly to oeetir fa Javoaflas, tlt« laerease la fat 
9»y aot always bo atsoclatod wftfi a eortosiioadtaQ doevMto fo protala. 
in . iOISTOBE 
Bolataro poreeataffas la th« wisele of tbe javeatles were fosad 
to be tety bl^b rascifsQ froa aboot W% to ( T ^ l e 1>. Aa»a0 tbe 
e9rpB, C. raba aad ft^ aamwa abated relatively lov M i t t a r e eoateat. 
Qiltke adult fftbet^ tbe sM i^stttre peieeata^es of ttie Javeatles tbowed 
amrked eoaataaey* la a l l tbe apeetee aaalyaed tbe valaea eaae to i ^ a t 
80%. Tbe differeaees la tbe mlature eoatest betweea Javealles aad 
adaltf aaggeat tb»t aexaal Mtnr t ty Is flcb«i briagt aboat a deereaae 
ta tbe de«ree of bydratloa of •asele. A alsl lar decllae »aa aoted la 
tbe aolatare percmtage by Bruce fa berria? wtcele. A bigier 
pereeatage of aolatare la tbe wnele of javMl let la to be ei^eeted 
la view of tbe laverae relatfoatblp bet«e«» tbe fat aod ooltture 
fraetloot la f l tb t I t t a M . Tbe wiaele of JaveaUea la relatively poor 
la fat aad eaae^tteatly, I t bat a blf^er fraetfoa of emiature. 
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f¥ . PATJmtER RgUTIOlSillP 
Setretal Mr l fe r •atkors li«v« tlrawii • reefproesi relatl«»tlil|p 
betwMa fat and xofttare Is f if l ) tttsaas IBraodafy 1954; Itft lelaain, 
astf Braadtf aad Ofetrieky 1^60). la tlia Javeaftes also tli« • « • 
of fat aad Mta r IF+S) la a l l tl>« apecle* aaalyaad aftoMS a ramrtrable 
eoaataaejr aad 'varfea l l t t l a friMi oaa spaefas ta tbe ot^er. th% rang* 
af P4« varfatloa was frea T«,S4I6 ta 6 0 . W (Tab! a 1) aad, ^a f> t far 
aoae apaelea, ecMa to abeat SO. tbia iadteatea tb«t tfcera Is a Qvaatar 
il«g»Mi of eeattaaey In tfee F-fV mines of laves ties tbea fa adalt^. 
V. set sATTSfi mo ASH 
Tbe dfy eattar pareaatage varied faverael; nHh tbe oKstatuve. 
f t vaaoed fro« to (Table I ) . Aa eoopared to tlw adalt 
ftfbea, tba dry aatter fa Javealles was lo» probably beeaase tbe 
Jovaalles bave a b t^er mlatttre eimtwit. 
I t ie peteeatage of aab aarted fimi 1.040% to 2 . 0 ^ CT^le 1). 
Tbe tttveallM eoatalaad a l f ^ t l y aara asb tbaa tbe adalts. Siaee tbe 
asb eoateat rapreaMtt tbe tofal taor^ale or siaeral eM«tft«HNita, 
tbe allfibtly biQber aaloes af asb fa javeatles wqr be beeaaae of tbefr 
freater aiaeral re^afrenaats. Tbe Javeaftea of f|. aataptetaa^ 
&* eb l t f l f aad 1,. awMtiMy bweveVy abomid a l l ^ t l y lower valoes 
of asb tbaa tboae of adalta. 
f i . cmmrnm, 
Cai^bydrate eaatwt did aot abow aay deflafte patters of 
- 
24 
-
iltttrilbttloii 
in liitM
llM
. 
U
 
a. 
fir 
filiiilA
 
"»«» 
t>g valaet m
v 
w
^ry blak, otiieiw
tte fa a
ll 
etk«f 
fltli«t 
tfc«tt «•!>• wm
rf low
 tfl4 r«B9«d ff«n 0.(K31%
 to 2,21711 <Tirt>l« !). 
A
aoig 
%n%
 e«t*rithct 
tli« blt^ctt vtlttt 
!• ^ 
b
t—
ealt—
. 
ft 
••eat 
to {lofat out tlist the adalts «f tbe 
tpeetes 
aot«S ab»ve alto tliow
 •oaevliat 
lest eoattsat valaet of cafbokydrat* 
tt 
a
l., 
1964). 
la Javeafles the b
lu
ett 
eatbolTdrate em
taat 
Q
«s«n]ty oecarred la tbote tpeefes w
hteb had v«rf 
Itm
 fat aed f»rot«ta 
valaat. 
T
M
t m
y 
pm
itatibljr bm
 4m
 
to aa fatftr-eoavantioa of fat aad 
protefa frM
tlo
n
t 
lato cafboliydvate to faff It 
tlie 
nrqatreaeatt 
of aetfve grow
tfa. 
la ce«|iartto» to tb« adolt 
ftsliet the ffiM
aat of 
eai^ohydrate ts tbe aatete of Javeatlai ««t geaetalljr 
lew
. 
ffl. 
C
A
iC
m
 
C
aletw
 eoateat 
ta tbe aatele of javeatles w
m
 fairly bfnk 
raagtag fra
i O
.O
lTI to 
m
 
fresfe n
e
l^
t 
bat ft 
<Ti^le 1>. 
Tke 
f«atlier-4»aekt (R
. aoioptefat 
aad 
N
. etitala) sbtw
ad tbe itgbeat 
ealclM
 cM
toat (average O
.O
M
JU
. 
Tbe e
a
i^ erne aext am
} tbe eat-
fItliM
 w
ere tbe peorett. 
Q
illlce tbe ed
altt, tbe ealetM
 eoateat 
la tbe 
juvealiet 
of 
paaetataa w
at tery bigb« 
S
tatlarlr, 
la otlier tpaefet 
else the calelaai eeataat of javeatlea m
» bfQ
ber tliaa tb«t of 
ed
altt. 
Tbit pottfbly •agfpBatt a greater re4«fr«M
«t of ealelan la tbe pre* 
•atarltr 
pbata for rapid gtevtb. 
-25-
f l l l . rSOSPBOilQS 
Like ei letwi, the photpkoittt eoMttat twss also l>tg!> f» Javcalltt. 
U varied froa 0.322 to 0 M % m f n t l i « e t # t I»att8 CTabls S>. H t 
eat-fltfaM »«r« reletlvely rtet) fs f^iosplioras tbe carp*. TIm 
atreraga for botk tlte r^aiqpa cmhi to aboat 0.41S. Tlie ttl^^st ralaa 
•«eatl^t eat)Mi was aotad la i>ata. aarrolt, faatfear-baelta aa4 «)»la]r> 
aal ttiowad lowar valaot. A fatgk i^liospborai eoatoat fe Javaallas 
aaf also tie beeattse of graater damiads of obotphores by the growlnf 
f i t b . Tt atfalts I t kas boon aoted tbst tbe ftsbes irbteb wore rlob la 
fat bad a blgbor pbocpkoras eoataat (Jiifrt ot a l . , 1964}. Tbli p n ^ b l y 
ladleatei tbst tbo pbospborot to imimIc Is parbaps aat(»:t8tad sitl i fat 
i l l p l d i } . Ite iaeii rolattoaablp eoald bo aooa fa lavmlloi prcAtablf 
beeaasa tboy ara poorer la fa t . 
IX. CAUKIFIC VAttE 
Eaarnr taiaet ta tatrai of ealorles vera ealeulatw) for protala^ 
fat aad earbobydrata fraeilooa osiag tbe saae faetors aa la adalta 
(Jafr l M a l . , H M ) . Saarfy valuot for protein fraetloa «era faaod to 
bo blgb la Javeallot^ 42 to 00 ea lor las per 100 gm of fresh ante la 
CTabla 2 ) . Ilgbett valaes vara raeordad la eai^a (£. raba aad g. sarafca) 
aad 1 avast fa foatliar-baelca aad aplay-eol. Tlie caargjr valaes for fat> 
fraetloa «ar« gaaarally low In tbe jarealles CTabla 2 ) . Far catbabydrate 
fraetloa tbe bigbest calorlea r^era recorded la If. aotooteraaf N. ebltala 
aad arwataa. 
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tli« total ealorlf le v«la« la J«v«i1!«s ra»(|«tf f r M aboat t3 
t« 94 e»loirt«s per 100 gm of froofe t l t tmi . tlit»« voro lowwr iluui 
til tho •4n l t t . 
smmm 
Kioeboalea] eomiosftloa ot t%m mteto of iavittilet bel«»gl«9 t * 
18 dffforoBt spoefet of frstlMrtitor fltltos that t&« protola 
e«»t«o» In Javfullfts vas li{fiber tinaa la the adalt» ITfcie fat* ob tlia 
other iaad, «a» ameli lomr. tlila aaggeatt tb»| tbe bodjr fat laeraatM 
«ftb the eatet of mtar t ty . fto clear taverae relatfoaslitp ma foiad 
betveea fat aad protela fa JarmllMi. 
fiolatare pereeataoe ma f r y b i 0 fa javeailes. Tbia nee 
probably iNwaoae of low fat eoatrat. fa aoat apeeles the ttio of fat 
aad arater eaateata vat feaad to be eoastaat. tbe pereeat^ea of 
aab^ ealetaai aad photphoraa were kfg^r la Javeailes tbaa tboae la 
adalta. Dry «atter pereeata^e varteil laterteljr »ftb tbe awfttare aad 
fa aoat apeeiea earbtAydrate was fMorally tear. 
ta Javeatlea althoagb tbe ealorlffc valM of protefa-fraetfoa 
a»s btgb, tbe total ealorlffe aalae »aa iMMrr tbaa ta tbe adalta. 
CRAPTEt . 11 
BI0C8QI1CAL cmstm IN m sQ^tE m im msmtm mam., 
m>ntcsmu^ PUCTATCS BUXIS. ooBise oiofstB 
INFSOMCTION 
U reecst f m n tit* «Qe mn4 ^vowtb of (IHi>tcgi»ti»lis p«ictit<i» 
hat beet ttadletf nitber extmittveljf f i n t frcMi Im^tli freqteaey 
<l(»trfb«tte«i (t^fyoB mtf Qitfa, 1964> and later ea, man aeeamely. 
ttm saara on opavenlar bwiM aad aeales (Qatts aatf IMatt^ 1966)* 
Tlie relettoatfcfp betveea tka tfae aad a^e of the fleli tbua eatablfalied 
eaabletf tbe pr«iest aatlior to mdertake work oa tbe btoebeaileel eoaatt-
ttteata of tlie anaele « i tk e rfew to eaaoerate tbetr ettaafies wUfa age. 
Sefferal earHer vorkert have atteapted to ttodjr a tal ler etoaget la tlie 
atiaele of majr aaeb tf»eetet where age deteraiaatlea wa« possible 
(Broee, 1924; Lewera, Qio et al .^ I9S3>, bat ao fer very l i t t l e 
kat appeared froa the tropteal n t e n i probably beeaate of laereealag 
d i f f l ca l t le f eaceaatered la age deteralaatloa (Waalw aad Bhatt^ I966>. 
Thla ehapter, thereferOf provides the f i rs t record of btochewleal 
ehaagea fa reletloa to age aad growth of a fish froai the tropleel 
freshmter eavIrMweat. 
27 
Fig. 3 Cliaoges la tbe fa t and protein contents of the anscle la 
variotts aga-oyoapt of ite&iff lfr i l i l lat PflBElllai.. 
• Fat; o -0, Protein. 
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BssoLts ms ntsctsstm 
I . cnAiiG£s m WTAL nr cmrmt 
T&* VSIVM of fttt ia vtrloitt •9i»f|fo«pt of (t. Mmetaf— 
Qlvaa la Til^la 3 aad plottad la flo* Tt eta b« Btm fvm t i a 
fissra tfcat ta ralatfaa to • lac tlia fat eoat«Bt varied froa aboat 
0.1% to aa l ^ t i wat^kt baafs. Tli* fli»]latt ffalM» pattaatad tha 
kf^kMt fUt eMtaat. WUb faetaasa la atsa f t vaat m daercasfa? 
M t f l tlt« I m m t fat vaiaas ware aatad la tfta larfaat flafcea. I t , 
tiiarafora^ aaaoa tfcat groartb la laedth la atsdefated with a dapletioa 
of fa t . Slaea fat baeaata of I t t Ik l0 aalorif le valuo <9.3 calovtas 
par gm^  la s prtseff»8l aoaiea of ^erojr for tito wbolo H i proora-
attvo radaetfoa fa aoeeaistvo afe«9r«apf amy ba tlH» aot vet«ilt of fta 
a t t l l ia t foa for variost U f a proeassM nmh at groati^ y aetfvltjr 
rl^ytlwi, awtttratloo aad a^anataQ, ate. 
eravtli of flab, wlwthar la laagtb or walglit raaalta froa tka 
eoaiaaptloa of food, fta aastaitlatloa aad tta eoaventoa lata 
body (Broaa, mkalaky^ g. aaactataa f t adaptad to faadta^ 
OB ^ r t f e a l a r I t a M of food at a partlcalar atagit of I t t U f a . tbo 
t M l l a r or JavaeUa fltbat faad a«faly oa eyelf^t, eapa|>adt, daplmtdi 
aad laaaat larvaa alillo fltbaa iriMva 15 e» ara paraly pitefroroat 
Md m 4 ) , Tbta 9radaal ehaaga-ovar la faadlan bablta 
fraai lavartArata faaaa dsrlsg tbo Javaatla atafa to vortabrate faaaa 
of iiaraly protalmoat orlgfa dariaf tti« adalt ata^o aay bo raapMttbla 
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for tli« <l«er«ts« t» tli* mMtel« fat contest of f I t f t 
m i l ktomi tfest a prottfn <li«t radaets fat i f e ^ t t l a a bat 
taeraasas tk« efealattarol aatar eontmt ef tfes }ft?«r CBbvper, 1961). 
Hia 9mm probably Iralds good for tb« aiitele alto. Saay workers wbfla 
ata<|yla9 tlie relstioaalitp betwaea mtela fat asd tbe laagtb or afa 
of tt>« f f tb bave foaad eooiradfetorjp rasal t t , SItb tba exeaptloa of 
Oiaama aad El-Sal^ (1932) »bo dfd not aotteo §mf ralatfoasbiD batmM 
tba fat eaatMt aad age of barrla^^ eott of tba otber worhera ItSraeay 
1924; tavern, 199^;; WflsM^ aeted as faereate la tbe fat 
eoafaat «itb laereBisa fa liMiQtb or CblibnAistsin et al (I9S2) 
raeordad a graater aeeamalatloa of fat at tba ffab grair ia l ^ t b . 
itimy of tba abova worlcers bsve tbowa tbat tbora f t a staa 
I ta l t bafoad fat f t toblaeted to very l i t t l e vartatfoa. Sekbaraa 
(I9SS> abomd taeb a t txe l iwit lo tba ribboo flab, Trlebiarat itaa«ala 
CForakal). ta PSOBSSSSS&i bowavar, aallfce tba <rt>taraatfons of 
otbar workers, tbara Is ao taeb sixa H a l t , tba fisb eoatfaoas to 
baeoaa iMaar at I t advaaeat ta age aad tbe Io»i»t valaes of fat are 
raaelied la oldest sIte-Qroap. Blekllag (1947) aotad tbat tke m 
eaateat fa pl lebar^ daercates progreastveljr wbea tbe fisb laereases 
bafoad 20 e« la ingtb . 
I t . C8A!«XS IN •OISTtlBE CQNTSNT 
The anmele of saaller fltbat eaatalaed lest milstsre tbaa t to t 
of larger f f tbat . THe degrw of bjrdratloa wet tbat foaad ta iaerease 
Fig. 4 Changes fe the aofsture *ad ath coBtents of the Musele is 
?ariou8 age-groups of flpMs^iialiti Pttrtcmm-
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witii tlM» dtowtli ef tbe fisli (T«b]« 3) . 
Tt k8f slrMMlr btctt tkansi thnt fo rsr toat t lssnot tlt« ant t tare 
b««rt iav«ni« or Begatlvt rel8t(ooil>1« wltb tht fst C<lifff ml.f 
1964). f t Has •!•<} bees reported etrKer {Jftfrf, ftist tbe 
r«lat fonfh ip <!<>•• net t lMijr t ^(Ht Is tlssties mtm poor fa 
fa t . Tba fat aad e»1ttaro ro lst lonsl i lp wi th ti9s beea l a 
Ft|p.3 aatf 4 . I t Is elesr f ron tba figarat tbat a daeraase tn fa t 
ta aecoafMialad hj an laeraate fa aot t tura . t« taa l l atxtt-firottpa b«laa9> 
tag t o o'^  aad yoar-etaates t%o FfSr t«ioe i t aboat wtil le for largar 
ff«li«« balaagtag to older age-grosqjt I t la aboot 81. that tbe valaas 
la d f f f e rm i t age-groapa varied w l tb la a aarras l l a l t . 
I I I . CRARGES 113 pftoiEiff o m m r 
The geaeral dlatrfbatfoa of protels la relatfoa to teagtli raage 
wat aaeli a lal lar to tbat of fat <Tab]e r ig . exeept tbat tbe f a l l 
la the valaea of protalo ms leas sharp. Bigb valves were aoted la 
s M l l e r fishes aad lav la larger fishes. Probablf as with fat^ tbe 
active syathesls of protela clears sore darlag the Jarealle phase. 
I t has alreaify be«a pelated oat by Jafrl aad Khanaja (1968) 
that la DMc^atwa total awsele protela Is a foaetloa of the lateaslty 
with «hleh the protelaeas food ts eoasinaed. Slsee a l l stse-greaps 
eeasaae • protelaeas diet (Qayfaa aad Qasl«^ 1964)^ I t secas that the 
sjrathesis of protela Is aoeh greater la snaller ftsbes tfcaa la larger 
eaes. 
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I f . CKUfCES IK ASB CdlTEUT 
Mk eoatffst tbWAd • tOMMl^ st t ta i la r psttcn^ 
ptveMtage fa yatag f itb«t at<} g n d s t t l y dsMslfslsg f»!ii«s in 
larger fftbes, ikwcver, after tfee t f t e nog* 18-19 tm «riifeli corres-
poads to |r«ir«el»tt tl>»r« <lo«t «ot ««ea to a f a n bar f a l l . 
Hia valaas tlieraaftar thomMI a gradual riaa <Flg. 4) . tlia e6aa9«i 
ia total ask ewtant «ay ba attrfbatad to the <rariattoas la tba 
Btaaral or faargaafa eoaatttiiaata af ttia anaela aad eeBaaqaaatljr, 
aoaa aiaarals i w b at ealeftm aad pkasf^oma aio« mra or l a t i ainilar 
t r a a d i Caaa baloor). 
V, ca^u^gs cimmmim compir 
Altboi^ ao dfraet est1a»tloQa ware eade for tb« ea^ l^dra te 
eeataat^ t t wat ealealated by dfffaraeca (saa ^ f r l at al.^ 1^64). 
H a aalaaa lisve baaa prattatad ia TMila 3. M » f t l be aaes froa tfea 
tabla, tba eaxtoobydrata eaataat abowad ao daftafta pattara dorlag 
growth. I t «at fatrljr fctgli la tfea aMl laat ftabaa bat tbowed a t l ight 
f a l l la ralatlvaljr largar f f tbai O'*^  aad 2* year-elattaa). A gradaal 
t iaa was ag^la aatlead la oldar aga-groapt. l^ f la ao dafiafta eaaclasfn 
eaa ba drava toMrds the ehaagas la the earbohrdraia eaataat dartag 
grawth, I t eaa ba assaaed that a f a l l la the earbohjrdma valaa fa tha 
flshaa af 11*17 tm (aga>greapt l"*^  aad 2^) say be doe to tha attalnaaat 
af M t a r l t y , «hlla tha faeraasa (Carved la fishes af aga-graaps 
aamnte polats tovards aa lacraasa la the carbohydrate mrtiOioltto af 
oldar flshaa. 
Fig. 5 Changes In the calcitna and phosphoras coateots of the auscle 
In various age-groaps of j ? R l l i m M M . pimElSlMl-
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of bet!) f i t asd protels r«s«rrts tnm the 
•s te le dartao groutt> and a gratfoal bat Knttad r t t a fa tlia eafNtt^* 
drata eeotaat oar be doe t« tba coavenfos of fat ( l lp lda) aad 
pottibly anfao-aetda fato earttobydma (glaeota) tbroagb metaboite 
patkmyt (glaeoacegaaatit). Tbfa e»t0t be talrlag filaea !a onlar 
to eattnre aa adaqtiata glaeose levfti aaeettftatmS tba greater 
•asealar aettvtty asd by tbe taeraased isetabelle dewiitds of tbe 
groailag f l i b . 
VI. cmms m eim^t comEimi 
Pf^fKNiQS 
Tbe Javeafles w n feaad to be very rteb la pboapbonts (Table % 
Ffg. 8 ) . laerMte fa t U e , boafever, broagbt aboat a gradoal redoetloa 
In pbetpkortii eoaiest of sasele. Tt teest tbat l ike otber orgaale 
eoaatttaeats ( fat aad protefa)^ tbere U a greater reqalreoeBt of 
pbospborus also dartag growth. Tbit requlreiaeat noald obrfotiily 
deerenae «fcea tbe grawtb alattf dona or practleally atopa fa large 
a feed fadlrtdaala. Oae et a l ( l ^ S ) bavd alao aeted a deereate fa tbe 
pboflpbaraa eeatmt of aiaiete dartag tbe grawtb of ^apaaete e a i ^ . 
CAUCIOI 
Uke pbotpborofI tbe ealefwa eeateat altn tbowed gradaal 
redaetfoa witb tbe taereate fa sfse. Htgbeft value of eaUlaa 
waa aated fa tm l laa t fftbea aad lowest (0.030!^) fa larger fftbea 
(Table 3) . Tbe total ealeftm fa ttie wtiiele «aa relat ively lets tbaa 
pbetpberot bat I t t at f l fsat loa fa growlag ffabes sep«» aneb greater. 
- S3 . 
I t I t i a t tmt tv f i to lo t * tbat the f« l l ia lh& eslefus fs ol4«r 
ftsbes was aot at rapid at Is yenagar ffthaa 5) . Tfeat la 
oldar fftDes f3 fesn aad above) «& ataMSt oatfosB ealelas leva! 
»at AotiNl. Tite oldatt ffabea firar»elaat> r^eorded a tliQiit 
laeraata la ealetoa. A afal lar r i te fa t h l t sgo-gratt^ «as aotad 
for the pimtpliorst alto. Tt^ tlierefore^ teeat that ealelaa aad 
pkotpberat eoateatt^ after tbn fish attalat a partleolar aire aad 
age, are ^veraed sMore bf other faetora lllce oaturatlou of gosadt^ 
ete.y tkaa by grovtfc aloae. Slaee la a l l vertabratM mvcfi of tlie 
body pkotpborat I t attoe fated »ltb C8lel«ns ia boae^ oae woald eiqieet 
the •etabollta of t ^ t e two eoattltowitt to be alsmtt parallel aad 
eoateqaeatly, ft I t lets tarprltlsg to find the eyelet o f calefoa 
aad pbotpboria ttrHtingly alal lar la tbe p r M M t ttady. 
VII. CBANGES IN I I 0 m m m VAUE 
Cbaagea fa tbe aatrlt lve ralae la tersM of ealorlet bare beeai 
detemlaed for varlout fraetlont ( f i i t , proteta asd cartiobydrate) la 
felatfea to tbe tize of tbe f i tb and tbete bare beea given la l^ble 4. 
At eat be seea froa tbe table, tbe toHillMt fitbet were Mrlred witb 
blgbest ealorlet for protela aad fat and low ealorlet for carbebydrate. 
Protela aad fat fraetleat deellaed la ten» of ealorlet witb t iae and 
age aad corratposdlagly the eatbobydrate fraetlea laereated. fa 
tenit of total ealorlet of a l l frt^tlost alto a gMerai lett M t atto« 
elated wltb laereate la alse (Teble 4) . Tbat tbe total ealerlea of 
iavaallet wera abeat 61 aad of tbe oldett fitbet tboot 73 (Table 4) . 
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Q.* PJttSllIHi *> Mst fIsliWy t^tmHh ir, los^ti l^ es 
b««« foMid to be nore rapid dttrloo tlie ipn»*«nt(irttjr p«rtod (Qurfa 
aad Bkatt, i ^ ) . Setb t txat sstore trii^n thaf sr« absat 11 tm fa 
l«agtb aad be^fa to «|MHn) lAco 09« fear eld l ^ j f m aad Qasts^ 
tilt ffali eo»tfBsi» to qtm fn I t e ^ b evea mtt%t mtor f ty , 
rate ef groirtb alewa doav eeas iderably (Qaatii aad Bbatt^ 1^66). fbia 
decrease <a llaaar growlb teeias to be reflected by the bfeeliealeal 
eMfftltuaats ef tbe e»sele. Plabat betvaes I^IO ea fa i M f t k CO^  
Qreap) were feiiad to poaiaas sore resenrea Is their enwele tbaa ibese 
of elder yimr<-ei8tses. t b i t aay provide aa explaaatlon a* to afty 
faster growtb eecars darfa^ tbe i>re-«8t«r1ty fibase. Tbe Sots of tbeae 
ri»erres irltb a ^ umem oae of tbe sy^loax of aglaQ to fit. pgBStllSl. 
aad tbe process as a «bele seeas anatfested by gradtial changes la 
tbe ebeniatry of tbe body. Pr<A>8bIy la vatar* fisbes nbatever reterrea 
are ba l l l ap v ^ l l l t e towards goaad develope^it eoatrtbatiao less 
towards growth. 
smmm 
Tke aatele of Qgfcteeptalas paaetataa aadergees bioebewteal 
ebaa9«» la ralatloa to atxa aad age of tbe ffsb. S « U flsbes beleag* 
tag to the yearHslats were feaad to be rieber fa fbt, pretela^ 
eai^bydrate, t fb , ealefmi aad pbespboras tbaa tbe larger ffabet. la 
oldest fitbes (yearwelass tbese eeastltaeats were leweit. iNifstiin 
bowever, ibowed aa eatlrely differeot pletare. Caletws aad phospioras 
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••(kiitro aor0 or 1MS s fa t l t r elmsgM with sg*. All these efessgef 
fadtevt* ettBtfdcrtfe]* d«M»d of boc^ rtterves for oroirtBg f t i k . 
Tlift Mtr l t tvt t v»lae fs term o f e«lori«f ««s foead to be biQlier la 
y»«»Qer ffibet ttaa fa tlie elder e a n . Tim lets la ealertes eaa 
Ifkmiae be eseribed to e oreater wetter deoaad «f tite growlag f i tb. 
C f l a p t B B - r t t 
GHANGs HI im B f o c a e a i c A L caK>mmQti of t u s mmcm o r cmsm cm^ 
C I B U B I W A m m k l A ( B a a . ) B J RSUTtm TO ITS tSSSTB 
INTSmJOtrTICM 
In thtt prvvfottt ebapter os yawetfttia tlie eliaiiges is varlotn 
bfoehesileBl coastitocntt of th« antele have been sbosro fa relation t» 
tlie t fse and age of the f l tb (tee Cbaptei' f t ) . t» the presest eiapter 
staUar e i^aeoes liave beea detetttied for tbe etnaoa eatp^ Ctitli^ff 
arliM^li^. Tltlg tpeelai Is an lo^rtaat food fialt aod is eoanoaly 
atlHsatf is pmid eultore tbrougltoat the eowitrjr. Its aotrHfve valae 
bss bees foaad to be veiy btgb, only nfot to tbe ^iabateer^ (<}afri 
at a l . , m t ) , 
B E S O l i r S A H D p I S C O S S T O H 
I . C R A H G E S I N T O T A I . F A T C O R t E R T 
Tbe ebaages fo tbe snisele fat eoateat »bfeb were vei l narked 
witti t H sice of Ihe f!sb have bew! sbowo 1e Tiible S aad flft. 6. As 
caa be seen fro« T i t l e s & PI9. the sa»l}««t fishes of the stxe-raarfe 
6*IS CM and I6-2S e* possessed the lowest fa t . SItb the faerease la 
36 
Pig. 6 Changes ID tlie fat aad protefn contents of the aasele la 
various size-groups of Cirrhfaii gr ioa la. 
o o, Proteia; • 1 , f a t . 
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iMgtk , progrwistveljr hffflier vslii4t of fet wen aoted. PItbct with 
• t lse-rMge 4 6 ^ ea skowoS tbe iMxtaaa fet^ alKitt tfenc tfoes tli8t 
of the f m l l t s t fltbcs bnf fisliM ler^tr thas tfcft st«»-rasg« tboved 
• t)irada«l dcetfa*. S la l l t r •eevammfoa of f«t fa tlie woaele hat* 
beea aoted Is otber fftkes (Broea, Lovera^ Md Wllara^ 
1939). Oao «t al (1%3) veeordad a gr«at«r taeraasa to the laasele fot 
of eerps as tbo tish gnm larger. Tlils liomver, ttalfka naaetatat 
irHera oroaitli fa leogtb Is MCM^nied witli a dwsrasse la fat (tea 
ekaptar f t ) . Th« deeltse fs fat (^served ta very tar^e slsed C. tipHqale 
ladleatat t h n b^ood a certato ctxcKraioe tbe ffsli beeoses leaner. 
Tki i f t In aeeordanee mith tke f l a i l a f t of Sebbaras (19SS), tfteklta^ 
aed otbars. Ftoa aticfi a dlatrlbatlos of fat I t appi^ra tbot 
In C, artoala tbe <»er9f daaaadt dor tag growtb are sot raet by tbe aasele 
fat as has beec reported la $t* PIBSliSJI&r ^nt probably ttm other fat 
depots soeb as I f rer or vtseera whore hnvy aeeaaalatioa of fat exists 
<3afrt, 1966). 
I I . CBANGES IFL •OISRORE CONTENT 
Althoagb tbe misture conteat was loarest ta tbe soallest fisbca 
(aboat 78%>y to larger fishes f t shoved SMUMbnt aa erratte dtatrtbutfoa 
(see table f i f . 7 ) . The iaverae relattonshtp betweea nwfstare aad 
fat as has beea feiad la paactatas (Chapter I t ) was aet elearly 
sho«a ia ft. ^ ^ higdber fat coateat of the t a n ^ ffshes b^oad 
65 ea was aecoflpaaled vtth highest aolstttre (8{H>rox« T9$). The degree 
of hydratlea la this fish seeas to laerease progressively vtth growth. 
Fig. 7 Changes in the moisture and ash contents of the muscle in 
various size-groups of Cirrhina wyiqa|a. 
o o, l loisture; • 1, Ash. 
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Tkt earv* ta Fig. 6 r»l«t«d to prot«is s&ows titst tfee stsfKr»«Q« 
btyoad 5S e« «ts pooT to prot«lB. Hie leereate Mf f ture , tkertforc^ 
• •em to ewapMitete for tfae loss of protein aore tl^ ss the loss of fat . 
III. cffiifiGss iH psmeifi comm 
Tfce vatees of protein vsriotis tIse-groaps tmve bees plotted 
fa Ft f . 6. At esa be tees frota Pff. the bt^hest protela valae 
wat aoted Is tbe ssaller fisbes. 1%e proteta eoatMt deelfaed 
wit^ tbe Mlm of tbe ffsb aad the toseai valae Cia.l20%) was recorded 
la tbe larg^t fishes wftb a sixe-raB^e 71.74 esi. Tbfs fs aalfke 
St* PSESIISI. w^ere tlie vaiacss sere fooad to CNnrfate opto a eertata 
age-groap aad tbea beeme stwidF' £* there is a eoatlatiotB 
deeltae wftb tbe laerease fa leagtk. Bf^ber values of protela fa tbe 
Javeafles or saaller fisbes miy be attrfbated to aa aetfve protela 
tjatliesis dariag tbe yooag stage and Its sabseqamt fa l l my llfcevlsa 
be aserfbed to a greater protela denaad of tbe larger ffsbes. Tt Is 
taterMtlag to aete tbat tbe distrlbatfoa of fat ami protein asoag 
fisbes of dlffereat tlse^groaps sboned aa laversa or aegitfve correlatloa 
»l tb eMb otber (Pig. tb). Slailar relattoasblps bava been polated oat 
by l a f r l et at ( 1 ^ ) la tbe aasele of May fresbmtar fisbes. 
S9. CBimes m ash corrEiir 
Like protela^ tbe tetal asb eeattvt was also blgbest (approx. 
1.7111) la asttller fisbes aad sbowed a gradaal depletloa la larger t isa-
• » -
groiq^t (Tjrt»le 6, Fig. 7>. tlie largwt ftsliwi of th« ttse>r«me 71-74 e» 
p o t s « i t s « d t b e I o » « a t value " R i l t g r tdo t l tf«f»lett«a i t t l i « t s b 
e o i t m t »Hfc f f t c f n e r e a s c has «lee bees aete^ In (II* PMaSHtaS, 
dae to tbe depletion of IvorQtalc or atoeral coastftueets of 
T B E suae la aa a raaatt of tboir otl l isatloa DUVINFI NIOTDBOLLAA OT for 
the fo i^ t ioa of boaes darla^ tb« period of aetlva growtb. 
V. cBAi^ IN CAfiSffimsAtE comm 
Catbo^drato eoateat dfd not 8bo» aay sl^ntffeaat ebaages wttb 
afa«« tt «dt alfgbtlf lets is tbe saaller fltbea aad «b<wed a a]l<^t 
iMsraase ta larger ffabea aad agafa a redaetlos la tbe targmt afaa-
graap (Table SI . 
91. IN S l f i ^ L €0!fTE;iTS 
CAWim 
Caleiaa eoateat of diffareat alxe-groaps bare beea 0l9«! fa 
Ttible S aad plotted la Fig. 6. Aa eaa b» aeea fron the ffgare^ tbe 
ealeltm eoateal wsa blgb«it !a aaall flabea of tbe ataeHjroap 5*15 em 
(0.066%), alaoat tbrea tfnea tbat of tbe larger fisbea (0.020%). 
Oadoabtedly tbe iRatele ealeim deereases vapidly «ltb tbe iaereaae ia 
leagtb. Slaillar ebaages wmm aoted ta tbe a»»ele of fit* PSlElllBL 
(aee Chapter f l ) aad are probably assoelatett «Hb groMtb of akelctal 
•tractarea. 
Fig. R CbsB^es in the ealciiis and phosphorus coatents of the aasele 
io various 8ize-{;roaps of Cjryhj|fH]i arioala. 
0 o. Phosphorus; • Ctlciuo. 
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wmepwmm 
Tke i ts t r fb i t lea of pkosplHiras «rfth teaottt «8S t i a t l a r 
to that ot the ealefoa (Fig. 6 ) . m#es t vslaes ( 0 , 6 ^ 1 m r * MtM} 
f« taslter f f tk t t aad lovcft €0.9601%} ie ffs6ts. Sf»e« 
f»liM(»iioras also sstoeHtcd with » tfaf1«r fwietloii, tfi« 
forsmtlo* of boses Mdi r«l«as« of esero;^ I t t tkerp deetlno vltH 
fffto eloarl ; fudteotos tts Qfeater «ttllE8tloa dartafr growtli. 
nt. cfidRGEs m nmitm wAtm 
Katrlttvo vtlao for fot^ pmols and catbotiydnite ftsetioat 
liavo heee givoa to tw>l« 6. lowest eolorfet ea l t . ) for 
f«t frtetfoB troro fotmd in tooilosl ftotiosy tod the l it#est <6.017 eats.) 
in fia6«f of tHo tixa-^raaga 46*55 an. Larger ffshas abOMed a « l < 0 t 
dMreaso ta ealoriet. 
Tfte total eatorles for protaia f rMt loa, oa the otber tiaad^ 
ikowed a deeraaaa vUb foervate fa leagtb. Kb stgnlffeaat efeaoge ««§ 
foittd ta tka calories of eatbokydrate eooteat except that tl>e larger 
ffalies geeeraily allowed allgHtly Hfglter talaes. Sl»tlarly^ laeraate 
was aoted fa tlie total calorif ic vaiae tvitli the lacreaae la tlie af»i 
of the flail. 
stmm 
Bf«eke«fcal cottposltfoH fa t»e maele of C.«rtaala allowed that 
fat aad aK>ittitre Isereased «lt% tlie tise of the ftsh, aliereas proteta. 
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e»l«fiMi t id itoerMted. No t l ^ f f t e M t psttcra m * 
Mted i«i esit>ofa|rdr«t« dtttrflmtloa. Sottiare sitowed • stQtttv* 
eorrclatfott witfa p m e t o . micse eliatQct f«<»i to b« eorrelntfl^ wftfe 
tbe setabeHe dusrasds «f tfeie f f t i i tfartag growtfc. 
Cklorlfle vala«s for f«t tad earbobydrat* fraetfoos 
lesser ia aoallar ffatiea aad blgber la l a r t ^ oaat* Hie calories 
for protafa fraetloa, oa tt>e oilier faaail^ vara I i t0er ta sealter 
ftal iM, Total eaSories akoawd a g^eral rise tbe iaereata la 
leagtk. 
csAms . tv 
cmmss m rm etocBSAtCAL cmasmm of wi cmm 
VMJiMmu ms. mum.) Am tssm. ^gEwp^u isms) 
IS GELATT08 TO UISGTB 
INfBOfHJCriCXI 
SMtpt t m m Itattod Infovrntfoa os tlte ehawgn tf> tbe bloelit. 
ate*! eoaposlttoa of f!ttt«s dttrfog (Breee^ 1'924 itatf Alison, 
1939}, tlicre i r e osljr a tm reeeot tavettt^^tlons on this aspect lo 
frtslwat«r fftfees (Or* «t ai .^ 19S3). Cbaa^M la hfoeheoleal eae^o-
aftfoa durfof} grovtti fcava raeaatiy been tfaeonstrated fa tlie mte la of 
two eottsoB fve^lmaiar ftsfcet^ Q,. ItiBSSMia. ^ ortcala Caee 
Chapter^ 11 aa4 f i t ) . Tbe prea«Bt noric fflves aa aeeoaat of atsl lar 
ebaages fa tHe flmsete of two eooaoa eat»fl«hes aasely, ^ l lanoala i^tta 
leeadfcala witli tiie sisa of the ftah. Thete two apcelet 
Hatre s la l lar l t ies ia may bfoIOQieal faatores and alto fa their tito« 
ehcaleal enkaap ( ^ f r t at a l . , 1964). they are of wteh eoaoerelal 
valaa aad eoaatittita aa appreefable ptroponfoa of faland fish eateh. 
RKSOLTS tm msmnnms 
1, cmmis m TOTAI. FAT COSTEOT 
Tb both the tf»eefet tha ehaa^ e^s la fat eoataat with leagth weva 
vary a la l lar ( F i p . 9 aad 10). Tha valtia* tfeelfaed apto 66-7S tu la 
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Fig . 9 Ciiasges In the f«t and protein contents of the nacele is 
various size-groups of Wallaqoaia a t tu . 
o 0, Proteia; • «. Fa t . 
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I ' lS iJ I T6-8S CM 1B B. sewgtiela aad tfeea taerMsM ! • la r f t r 
tB4lvtda»lf. fttl> «e«taftKO ^ i O O tm tliti lilgbest valaas «f 
onitete f i t * Tli«Att eDaa^es war« tiBltke tlioaa of arlqala aad 
fit* PSSSIUM fa the foimer t|>eelet aa faerctat ia le«(|tli vat 
aasaelated with aa faeraasa fa fat wktle Is tba latter «a*e, altltaat;^ 
tbe mtsela fat dacllaed «fth sfaa^ it alioMid ao toiiseqaaat riaa la 
tan^ large f l a ^ ftee Chapters IT aad T t l ) . 
The la f t ia l deellaa la tl^ e fat aeem associated with the anta-
ratloa of ^sads aad apawatai^  as feas IMMNI reported ia mvf otber apaeies 
(Lovera aad ^ d ^ I93T; %fap«iiay, Slaet aad SelMartx^ 
Veakatarama aad Qiarl^ 1^1; Tdlor aad Bttaeia^ 1968 aad 19601 or I t 
nay i»a doe to the rapid atl l lxatloa of fat tn the eafly ttages «li«ti the 
gnarth fs fast. The sabsectDeat laereasa te hljgger fishes Is rather 
d i f f lea l t to laieipret aad oajr perhaps be eatirely doe to SIOHIBQ ^ a 
of growth. 
t i . mmss m loisTogs cmtsm 
The talaas of solstare la both the apeeles »ere aot tet f diffareat 
<Tibles 7 aad H). t^ese verted froai tiiont 76 to f^ par eaat. The lavatsa 
relatlaishlp betwaea i^lstore aad fat saeh as has been observed earl ier 
ta Ct. piKtStai , S.* I f l f l h i i was «ar« proaoaaced la the two eat* 
fishes. Thas the oolstare emteBt «r«is law la sswller fishes aad faeraased 
gradaally with slxe apto 66-1^ tm la m i^ aad 76*85 e« fa 
Thereafter^ I t decreased n^idly baeaasa of a greater aeeaBnlatioa af 
Fig. 10 Changes in th« fat tad protein coatmtt of the mosele in 
verfous tize-Qtoups of Sy^lSfi. usaflBall.. 
o o. Protein; • fT»t. 
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fat lo tli« oHtel*. iMlttsrre earves of botii tket* fltftiM M r « 
• taf lar to tbat of ft. naactatat. I t f t of tatwaat to aata ttiat 
a aaf^tftre corralatleo alto aetata htHmtmn protafa aad w»1at«» ia 
varlaaa alaa-^roafit. Swth a ratal fMsftf|i tMrtmaa pratafa aad aolatara 
baa i lao baM raeordad la £ . fff<nj|a (Cfeaptar TTf> aad i t app«ira 
that tba iacr«ua aatf d a e t a a t a fa eaaatftaaata lika pretafa aad fat 
a r a eeoipaaiatad b]p qaaatttatfva f laetMttoat ta B^latava. 
m. IK mmm aximm 
protein valaes to the t m apeefca vare also fdmtfesl 
(r igs. 9 aad exeept for tlie faet tliot tbo valoat i»ara Qeaetallf 
tilgber ta 1. aaeHidtala tkaa those la 1 . s t t * . Uke ^ t , the t i t#er 
pareeatagas of protala wen aotad ta aaallar fifties. Wttli laeraasa 
la laagtli tke valoas la batb tke apaetes daereased opto 66'7S as aad 
tkaa laeraaaad ahaiply. Badaetfoa la protein darfag early orowtk 
was also raeordad la otkar apael^ Caaa Ckaptera I t aad Tff) aiklel) 
probably aaogaata tkat isaali of tka protela m»anra la ottllsad darlag 
tka aarly pkasa of g i ^ b aad flntarsttoa of ^aadt. I t also ladleatM 
that p r ^ b l y aa aetlve protala ayatbaats aeeara la the wtscla darlag 
tka Javaalla stage of tka flab. Tka atrfklag alal lar l t ica la tbe 
protala ejrola of mrloat speeles lanwttgated so far aaswly^ <t> PllfiU$SI» 
£> UiJUUf l l i i . 1 . t tWf l^ i l i praferaaeaa ara ntry 
dlfferaat aaggati tkat tka protela eye la f t largely faflameed I9 
grawtb aad aatarattoa aad aot to srack by tke itaaltty aad tka qaaatlty 
of food eoaaaaad. 
Fig. 11 Changet ia the noistttre and ssti contests of the laasele fn 
various slze-gromw of BalHoonU atta. 
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19. CHARGSS St ASB CORfElir 
n « total qoaatfty of tsfe wl>te& Qfvtt »ii tndCK t f v«rtoat 
taorgaafe elesestt fn tise bo# aboved sfaltar ebaagas la tka t m 
tpeetaa (Figt. 11 aad IS), vHli aa i«er4Mte ia ataa tlkara was 
a d«sraaf« i i t l ^ atk eaataat. tit« raallwt fftliea fiosseaiiMl tbe 
aaxfatis asli eaataal (appr«x. 1.1^). The ^yele of aali was not vary 
difforest froo tboto of fat and $»ff«t«t« and tko ttna oj^laaattoa tlidt 
tkero aae«s a «reater daanad for laor^afe oleennta daftag earlf 
pkasa of frowtli teees valid, SIstlar ekasQat mro raeorded la 
a* piBsiiiio. £• i t iqy i t^ 
f . CBANGss IN cmmmmm camm 
Tke esrtwkjrdrate eosteat did aot skow m j daffalte eyele 
«KO«pt tkat tko valaet In l a r ^ r ftsk«i wore gcHiorally kigbor tfeaa la 
tbo aaallor fUktei ladleatin(j tkot «»st of tko eaikokydrato fa yotntior 
flakos f t osod ap •Aortas la larger ffskea tkoro Is ahMQrs soao »9tpJm§ 
loft (Taklos 7 aad e ) . 
VI. CQJWGES m BOIEBAL CQflTeilTS 
CAICIOI 
Coielaa valoos fa botk tko speeles kavo bean skowa la 
l^blos 7 aad B asd plottod la fiflw. 13 aad 14. tko eksa^os lo rolatloa 
to loa«tk woro wall aarftod. Slwller to ft. naaetatay aad C. i r l f f l l i , 
la tko two eat-flskoa also, aa laeraaso fa Imgtk was aeompoalod ky 
Fig. 12 Chasgst in the nofstore and ash eoBteats of the nasele ta 
various s fse-firoaps of l y i i m aeeiyghala. 
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t «if>f<! !<!«• in esletm. I l i t t , eoetle««d « i ly • eartsls 
Imgiti aft«r iftleb tfce etlefws valitwi iNHStm t t«»4j tii «tfa eNI 
•feowed a r l t « fo ••eaahalf. Tke caleliK? eyelat of tha two eat^ 
fiakas «l»lei> mre very atnila? to tlioaa of tba aab (aea P i f i . I I , 
13 and 14i ladfeata a ^vaaiar attlfaatfoa of the ea le lw (tartoQ 
fast otowIbo piMta aad I ta ralatfve eaaataaey ttkea tfee groarth slews 
dawa. 
ptrnwam 
Tlia vslaes of pliosplioras ta ttsa aasele of botb apaetes 
and ttre ebaagat witli laaot^ ta botb tfce flsftMc were a f • l i a r 
to those of the ealetaa CFS^. 13 aad 14)^ t»e.f a Mtked redacttoa 
was aoted wftti aa taeraaaa ta lea^tli aditeli fa very ste l lar to what Haa 
b«SB raeorded fa the Jbpaaaae carp CQio at al«, 1 ^ 3 ) . Sfaee pltaspkaras 
Is assoelati^ wftli ealelwa darlag onwth^ tfee sfsf lar l t les bettraea tke 
two eleaeats are qalte appareat. Ta Q, aaactataa md wriaala 
CCkaptersII aad I f f ) tke varlattoas la pkaspliortts wttk leastli were 
very a ta i lar . 
f t l . COWGES IN CALOBtPIC fAUE 
Catorlfle valaes wiileb were ealeulated fer ftt, pratela aad 
aafbabydrate eeateats of amscle ta eaeli afxe>9revp (Tsbles 9 ead ]0> 
were feaad to be 6 1 0 for fat aad proteta fraetfoas la tlie Javaaflea 
ef betb tbe speeles. fa blfgar ffskes there waa a deereaae la tbe 
ealor l f fe valae wliteb eaatfaaed oaly apto a eertala leafftfi after wbfdi 
Fig. 13 Clisnges In the ealciun and phosDhom coRteat$ of the nascle 
la various sise-groups of »all»<toRt« a t tp . 
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tbero tM» tgsfa a pr000Bae«d r i t e , the largett fftliet ea) 
t^e Iftgtiest eslorSes both for prdfete aad fat fmettoas. 
Cbasfet is tt>0 calorfoi of f»t tn tfce two e8t*fisfees dtffcrwS froa 
ilM»i# a gfifflils but wete t ta l l s r te tfcose of Ct. fiyietatas. ta 
• I I tbQ fl]>ee!«s, elieag«s f« the pvoteta et lorfet w«re mre ot l ^ t 
ttlllie. f^ definite vsrfotfeat, were found in ttie r.t^rbohfdme celor1«« 
wftt) leagth. Tottl ea!or!4H( of e l l tHe eo{sttfto«Rtt ( fe t , pretetn aid 
eailioiiydtnite} SIKNNMI an ia l t l e l deei^te witlt leagt^ wbteb wat follONMMf 
hf a r i t e ia large^lsed fisbet e«K 
OISCUSSKM 
the f i o d l n ^ 00 tho cat-fitltet preiented above elearly ladieate 
that detpfte toae s i ia i lor t t tes to tbe cjrclet of rarfoat eosatitBeatt 
vitb those of (2.. paictetot and wrioala, there are toise aotable 
differeaect. These differeaees preelade the j ^ s s f h i H t y of onriciBg say 
aoch geaeralliattoat nhfeh aajr i>e applteahle to a l t ffthes. For 
lattaaee, the eyele of fat fa (t. pUSUUtiUUL though different fr<» that 
of arieela hat a elese afal iar i ty with the eyelet of eat«fithet. 
Siaf lar ly, the cycle of protela la one tpeeiet «qr iiave a atrlklag 
reaeablaaee with the other hot nay di f fer f r M thst of a third tpeeiet. 
nowever, what teaaa aa laterettlag feet ore I t a do te t f at Parity la 
the eyelet of tariout eoattitaeatt fa the two eat»fithet* Thit ral tet 
the p e t t i M l l t y of the bloehea{eal-etia«0rowth eyel^ bela^ ^ very t i a l l a r 
aaeagtt taeh tpeeiet whieh are elotely related tytteaatfeally. Such 
Fig. 14 Ctaauges la the ealcftta tod pfeiospborus costents of the •mele 
in various size^groaps of ilyif,!jia «genal»ala. 
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e l u n i ^ te«a to b« rvSated to elet« t l a l l a r t t t e i te vtrtoas 
lOQlest and Mologlesi fcatovet tveli 9» age astf tmiin^f 
astvrat*«» aeO tijMRifaQ aaiS aK»r« so tn the tfUKsffte B w i ^ l t e danta^. 
Fartli^r lavet t f^ t loet o« mmj apaelat t«aa to ba a««<lad before a«y 
QeB«ralli»tt<» eon Id be attanpted. 
SOniMf 
Bloebeafeal eoqposfttoa of E* iSlj|.aad H. «e«itdiala aadargo 
eiarlced ebaaoas la mlatfon to lee^tb. Fat^ protein and atb tkoiied aa 
ta i t f a l fa l ! wftb leogtb f o l l o i ^ by a rtae fa very lorge ffsbmi. 
Solitore abow»} a aegstf«e relatloasfefp wttb fet and protefn. C b a a ^ 
fa ealeioR aad pbosf^oros mvs ataf lar to tbote of aah. A deeveaa* ta 
calor i f ic valaes of fat^ proteitt aad caibobydrate and la tlM» total 
ealorf f fe ralaet fonid assoefated witb lesgtli apto a eertala alxe 
bat til f t WIS aot to ta trerf large fftbes. Tlie c^ les of differeat 
eoattftaeatt were eoopared witli those of other flahea detertbed ear l ier . 
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CmPTSB . V 
SSASOML CI»II€SS IH THB BIXBESfCM. CQlPC^fTICN OT CIBtIITN<^ KRICAtft 
( f i l l . ) 008186 m. PSE^TO&RNR PBASE 
tlHSODaCTfOIS 
H Us* l»«ea veeogaifttf aairiked cluiBgcs oeear fa 
bliMsNRsletl eoR^otftfoa of ftsb tfttoes fvoa i«Hi»oa to ••atoa. Tli«i« 
ebaii9«s t« tlie adalt ftsbes Hove been attrtb»t«d to vsrtoof i)b]rtfolo« 
gteat aa<l blologteal faetort (^taateaa, 1916, 1917; G r m f f 1919; 
8riee, I924| Ball^ 192B; Unrara aad ftootf, 1937; Baflay, 1952; lova, 
19S7; T a n , Saeeatfy tbo tfttoes of tba atfalt C. arta^la fcayg 
baaa foaed to tmdarQo taatoaal cbeages fa thoir bfoebeoleol sakettp 
wfifeli bava b ^ eorralatad nataly witb tbe fataotfty of faadiag aad 
braadfag eyele of tb« flab (Jkfr t , 1966). Except for aotaa brief 
eoflHNMitt (ti l ltoa, 1939; Sakbaraa, fiotbtag baa ap]Hisr«d ta 
datai l oa tbe aaaaoaal blMbaaleal ebaafjas of fUbaa darfag tbe pra> 
oaturity pbasa. Tba pros eat aceotmt oa CIrrbiaa anrioala I t tba f f n t 
of i ts hlad 00 tbe Jtnraaties of aay fraabvatar fisb froa tba trapfeal 
Mtara* A eraparfaos of tbe bloebeainal eyelet of Javeatlet wltb 
tbota of tba adalt fitbaa t i i l l elocidata tbe diffareaeat wbleb tbe 
f t tb aadaiiioes fimi tba pre-«8tartfy to paat-mtattty pbasa of ita 
life-eye la. 
49 
- 80 -
KSOLTS a m OBSSfilMTfQI^  
To tli« pietsre of ••Mosal efeaa^M^ tft« iaonitiif* 
f i s t o of t m tflfforest tfto^Qtovitt ^ eeo of 1*16 em, ted tbt otlier 
of 20-30 tBf Hotb boloagtoQ to tbo f i rs t yosr-^elost w«r« o n I f sod im 
eteh Motli , Hie doto for tko two •fse-Qtospt liove beeo QIVOO topontotf 
tobies ood figorot. Sfoeo titer* ««r« «o mrted dtfforooees botMWi 
tile two soxos, ood a l so beeoose of tbe d i f f f e e l t f e s 1» tdwittf)ri«9 
the ses In yooaa f f sbes , wales aod feaalei were sot analfsed tofMinitely. 
Tbe preseet ttodf oovers a period of 24 woattis. As tbere wnn ao s i9* 
e l f t e s a t differeaees fa the r t loes of ooe jrear to tbe aext, for tbe 
sake of eoareafeace, tbe VSIUMI of a l l tbe dapllcate aMMitbs were 
eoabfaed aad avenged, these have beea shewa as aa aaaoal eyole ta 
dfffereat f i f a re i . the t ^ l i M , howerer, giro tbe valves of a l l tbe 
24 Months. 
f . CBANGES nt VXt CQNieilT 
Fat, l ike ether btoehewteal eoostftaeats^ was aaalysed fa the 
•asele aad Itver of tbe two slae*9roaps of joveatles. 
KQSCLE 
ta the f l s e - ^ a p 1*16 ew, the fat eoateat showed a deflalte 
seasooal efcle Cnible 11, Fig, ISA). tWo {»eaks of fat aeeawalatfoa 
were feoad — eee dor lag the ftre*w»Bsoea aKiatb ( ^ r ! l ) aad tbe other 
dorfag the late weasooa weath (Septeelber). A sharp deellae fa the 
fat eeateet was aotieed I n July* 
Flf l . 15 Soasonal varfattoos !n the fat and notstnre conients of 
tho attselfi of the JavetiUes of Ctrrhina wyloala. 
A-sfsa raage I - l ^ e»; B-«tse range 20-30 e». 
o o. Moisture; • a, Pat. 
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The |»vMfIe* of tke t l m - r M g t 20«30 ea sliomKi a mon or 
l«s« t f a f U r fat eye)e (Ftfi. 15B). 
LIVES 
Liver tke j a v m l l M potsetsed fl»r« fat than tlii} lausele aad 
t t f aeasoaal eyela »ai alto gK>m» proaotmeed. Boathly valaea of tii« 
Ifvai" fat tiava beaa gives fa Tables 11 aad 12 aad plotted la PIgt. 
16A and 16B. The fat eaateat ia the lIveT of the Jnvmtfles of the 
itze-groap 1-16 eai «at relatively low fraa Jaaaary to AprU. Froa 
Say otwards U tbowed a (pradual rfae aad the peak fa Anoust i»aa agala 
followed by a tbarp f a l l la at^seqaeat enatba. Noitsal or average 
valtiea were attalaed la Noveiaber (Fig. I6A). 
The eyele of the liver fat la the laveallet of larger «lse> 
groap (20-30 tsm) was very alaitlar to that of the aanller ilxe-greap 
except that the rise aad fa l l la the fat valaes were aot sharp (Ftg.l6A 
and B). The fat l ^ e l resiaiaed steady froa Oaeeai>er to JNtae and the 
peak was atiataed la Aagast. I t Is la terMi lag to aote that the peak 
la l iver fat observed la larger Jovealles was not as preaoaaeed as la 
snaller fishes. 
A eea|>artsoa of the fat eyele of the aosele with that of the 
* 
l iver , observed la both the groaps, do«i aot ladleate say relationship 
soeh as has beea foaad In the adult wfloala (Jaf r l , 196R). fis«ever, 
the r ise la the fat valaes darlag Augtist and a f a l l In siAseqaent 
awaths was aore proaonaeed la the l iver thaa la the wnele. the f a l l 
Fig. 16 Seasonal varietfons In the fat and moisture contents of the 
liver of the juveniles of Clrrliina wT^ala. 
A - sfse-range 1-16 ca; B - stze-range 20-30 cm. 
o 0, Boisture; • Fat. 
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la tb« msele f«t r«eord«d twm «bo«>t Jnasry to Jtly ms M t »eeMi|MMii«i 
by m»f eorrttpmuliag rts« Is tfae Ilirav f«t . 
i l . €mifCES HI B9ISTQRS CdnrSKT 
Lfke fflity tbe mfstur* I t aootbar ie^rtaat eemtftaest lAielt 
ta f t tb t l t toef has t»eeo fomd to vtnr ifiplftesiitl jr trm to 
teasoB CJafrfy 1966). Tbt <{iit»tft»i<v« vsrlttfons ef miatnt^ In 
tfttB«t featr« bMii fomil to astoelatfiid laottly wHb the floetaBtfeat 
tke Motnt of ta t . U bat alraa^y bean raiportai) that aofatsre la 
fish tfasaet b«a«ii a aagaitve eorref(»tfoa »tt!i tb« fat (Bniatfea and 
Otatrleb, l ^ ; Jafrf at a l . , 19M; Md f lat aad «ood^  !966> a«d, 
tberaforc, tbe added valoa of fat atfid e»>ittn?e raa^lns «K>ro or less 
coBstaat. Saeb a ralatfoosbfp ttiemt slso trae of tb« ftsb dartaf tbe 
prv-oMtarftf pbasa Ca«a alto GHaptor T) vbare tbe aolttara of tbe 
oasele aad IWer baars ae lavane ei»rrelatlo« «1tb tbe fat eyele. 
fiosas 
Tbe pereaataoo of oolsture la tbe aasela of tbe Jmreaflet of 
1*16 m tlze-QTOiip f^tafaed la vart<»at aoatbs bate beet givet la Table 11 
aad plotted fa Fig. 15A, Tbe sMlatiite ejrele sbowed peaks aad treatia 
alteraatlag arftb tbe fat ejrcle. StuUar resalts were (rt>taUed ta tbe 
javwtles of larger alse-groape ISS). 
Lim 
Tbe seasoaal eyelet of tbe «ofttare of botb tbe tfce-trreaps 
»ere aove proaoaaeed la tbe Hvet aad sbowed a elear taverte relet leasbtp 
Fig.17 Seasonal varlatfoo* In the protein content of the ausele 
of the Juveniles of pjyrl^tB? aOClgtlS.-
A-size range l>i6 ca; B-size-range 20-30 ea. 
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with the f M . tl«r«r geeerallr eoststsmt 1MS ml t ture tbsB 
•ttseltf. St«t l tr 9t>s«mtfeBt ««r« on tdalt fisltes C^frt^ 1966). 
•o l t ta r * valttflt of sm]l«r •fs«-9ro«p (1-16 ea) teve beei 
f f v M la Ti^le 1! ssd pSotted !b Fig. wt f tore »as 
dttrtsg 0«ei«ber-l»aa»ry but •fxwed 0 ftill la F<rt>raarr. A r f t « fa 
osl i tare •gaia sotfetd fs Bttefe astf Aprfl iKifet} d»elfiied 
tabttqacflt aontbt aid r«cord*d tHe lOMSt value Is Auguft. Proa 
^ptes^ar oavar^ the iMfttora coataat faeraaaed agafa. 
la largar atsa-graap <20*30 eai) t i a mlatara ejrefe was alooat 
tdaatieal to tbat of the saaller oai» (Table 12, Ffg. 168), biA for tlie 
f M t tdst tbere was ao dtatfeet rtsa darfog 8aieb aad llprtl . 
I I I . caAfjGES m pmmm c m m r 
Protela eoatent la f^e t«o tissues <8»sele asd Hvar) of tlia 
Javanfl«i tlionad a m i l daffned aeasoaal ettaaga wlileb «as mtked wftk 
deflalta i^asas of I t t^ aod low protefa valoas. 
S85CLS 
Maotbljr valaes of protefa Is the •ttsele of SMl le r Javealles 
kave beea givea fa Table 13 aad fftowa as aa aaaaa) efele fa Fig. 17A. 
As caa be seea froa tbe ffgnre, there were two dtsttaet pliaaes ef 
alteraatlag maim aad wlafwa. There was « regalar laerease la the 
protefa eeateiit fraw Jaaaary to Jfaly aad a progress (re dearetse frea 
Aagnt ta ^aaaarjr. 
Fig. 18 Seasonal variations !a the protein eonteat of the liver of the 
j oven lies of B E t i t M jSElflajUi-
A - size-range 1-16 e»; B - size-range 20-30 em. 
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Ift lat9«r Jitt«Rfles altliaogli tke i^mafn eoiitmt mw Knrer 
tbta ts tl>« stssller t te SMtmt l eyel« vat alaiffiit Ideatlea! 
CTtbl® 14 f r i f . I7BK 
A eoaiMirftos of tlie oasete fftt cyele «ftb tb« proteta eyel* 
MOQld fatffeate ttuit tlt« deettRlof fat va]«i«« ffCBB Say otMards were 
aeemRptaled wltb rtt log vslaes of proiafa aad tke tofQliait protafs 
value 1B Jaljp eoiretpeaded to tlie leireit valae of fa t . Slollsrty^i 
tlie f a l l fa proteta after H l f oiwards «at aeeoei>ai}le<! wftb as laerMte 
fa tbe fat ecmteet. 
Lime 
The varfattoat la the liver proteia eooteat ta dtffereat metis 
alto folltwed a ttlsilar efeie, Alttkoaob protefa coeteet ta the liver 
of t i o l l e r javealles was geaerally tbas tfeet ta the SKISCIO, tlte 
Ifwest proteta pereeatsQe (t.4%) wis noted la .iaamry aad laereatfact 
vslaes tbereafier ((Tiri»le 13^  Fl^. ISA)* However, oallfce tlie aiasele, 
the lit(^est protela valae la tbe Itver was ettalaed a l i t t l e earl ier, 
le iaae. A saddws fa l l la tbe protefa eooteot vDfeb oeearred dorlag 
Jaly-AaQiist was agala aasoetated wttli a warlced tacr^se dvrla^ 
SepteflS>er aad Oetelter. Ilo taeli teeeadarf fieak ms aotleed la tlie 
srasele. Hie larger jatreanet skewed aa Ideatleel te^soaal eyele 
(Table 14, Fl^. m y . 
ta tHe liver tke pietela CfCles la botte tHe sfxe-grottot skewed 
an lavarse relstloaskfp with the fat eyele. 
Fig. 19 Seasoaal variatioos io the asb eo«tent of the ouscle of 
the juveniles of gtrrl^lffl BtiflUa.. 
A ~ tlxe-range 1-16 ea; B - sfze range 20-30 e». 
1 5 0 
1 5 0 
1 00 
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IV. CBflliGBS 91 ASB COmST 
MOSCLE 
Asb ejelet l i the awiele ot tb* Jmrmfles mn • I t o « • ] ! 
dflftaed. ihMtlity ttlties of Mb t« botli tbe •fce-^froops kava b«Mi 
given t» Tal>|«s 15, 16 Md Fig. 19I «a(l B o> a frcib migbt b c f l t . 
4Ub0tt«li ttie eto«Qtti tv Mb e««t«Bt «cr« m b « r tonll^ pmk 
nlw «a« neortfttf IB ime •»<! low wlaes dlarf*^ Daeenbcr-f«bni«ry. 
UIEB 
S08sonsl verfatfoBt In tb« Mb content of tfeo Hver of botb 
tbe 8fse«>gro8ps «ero aore prosoaae^ (flfpi. Mtf B; Tables IS asd 
16) Md sbo«ed two peaks » o»o dsrtag Febtaary and Maveb aad tbe otbav 
dorfoQ Jaae aad l a l y . 
Tba Mb eye la la botb tb« tUsMS (aaiele and l iver) tbowed a 
rfse from lay to ^ l y and a sbarp daellae froa Aa^ast to Qeeeatier. 
DTSCOSSIOR 
Tbe ebiMBteal eoapotltfon of tbe fisb tiasaes la kaowa to be 
taflaeaeed by varfoat faetort aaeb M tbe feedia^ intMstty of tbe 
ftab^ I ts gvowtb rate, watartty, wfster aad sowaer eoadltfoas^ ate. 
(JobMteae^ 19I7} fianiell aad Ralda, 1924; Iffapemy, 1998; VlUea, 
1939; VealtatavaMa aad Ckarf, I9S9; Sekbaraa, 1966; Saaatwany, 
19SS; Vaaavaa et a l . , » « 0 ) . taek of iaforwitlon ea tba blelofly 
t E i n l f t f t d l f f l ea l t to laalre a eoaparfioa wUb tbe 
Fig. 20 Seasonal vsristions in the atb eonteat of the liver of the 
jweoUes of ^.^rrhtPft 
A - s1ze<-r«nge 1-16 c»; 8 - size-range 20-30 ca. 
1«0 
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••asenal cHwqe* in tb* bteefe«ife«i caapos llloo ef f t f t i tsmw. 
A ttBdy of t6e lliemitiFe ttiawt osli* brl«f eMnent* e* tli« l i f e * 
blttory^ braedlag foedte^ btbftt of g,. ay If o i l * CDtt, 1917; 
Rbta^ 1943; Abnd, 1944; 8ook«rj«« 1946; Altkmlil, 1949; 
D»s «sd Moltniy 1956, 1956; JblB^raii, 1957^ 1959; Qista «ttfl 
Qafym, 1961; aad Qiakrabarty aad Sfagb^ 1963). 
fa adalia I t baa baaa abem tbai tbe bfoefceateal eog^iMiltlm 
of iHo t Usees am ralati^i to faedta^ and aatamtoa eyelos of tbia 
fish <lafrt , 1960}. A e^eparfaoo of tbe eyclas of yarfooa btoebasleal 
eoaatftarati aboan la tbe ousele and liver of tbe Itnrestlea «!tfc tbose 
of tbe adalt a^r^qala aboaed aoa« fater«Bttag dffferesees. Stellar 
s a r l ^ dlffereaei» bare bees aotleed In tbe qaaatltstfve dfatrlbatloa 
of different eeaatlteeats la eeeb tiasae. 
Slaee In flabea daring tbe pre*aatartty or Jwrirafle i^aae 
tbe Qoaada are aot fa l l f developed, ebanoM recorded In tbeir bio* 
ebealeal eea^otltfon nay aot be doe to the tnfloeaee of aatarattoa 
cycle or tbe deoads of developlog ^ a d a aa bave be«i abom In adalt 
flabes. tn Jnveallm, therefore, no relet lonablp eoald be eatabllabed 
betweea tbe aeasoaal bloebenlcal eyelei and satttrlty. tueae ebea^ea, 
oa tbe other bead, la JaveoHes nay be the aet reaalt of other faetora 
like ebaages la feeding iateaelttes, frowtb rate and awti^ollc deoMada, 
ate. 
Althoagb tbe feed and feedlag bablta ef adalt £ . nyrleala have 
beea atadled earlier (Q^ aad Soltra, 1956), aetblag baa appeared ea 
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( t e f«eatig tebtts of ittvmllM e s e ^ t for t o w brf«f «WHH»tt by 
Ckakribarty n d Siao^ U ^ ) . t i e prestnt layMtloatfeM 
•Itkoiigli tb« f«o<d Md ftedtag hil»tt« of tb f s f t sb eotild sot b« 
•tadf«d f» 69Uilf u Dpf^roxlMte m l n t t e of gnt eea tMtt <M 
pofemtago of to ta l body wofgfat) of the jiiv^itles of botb tlio t l so -
gtreti|»s tbomd tbat act ive faadfon ocean tbroogboot tlm ym^w. Bmimmt, 
•one dof ta l to perfodt of bigit aed low faedtao tatotisftlof ooold be 
dt t t iagai tbed darlag oertata aeesoaa of tbe year. Sla l lar o b t e m t l o a t 
were nade ear!lev by Cba^ndbarty aad Singh Tbe aala food of 
Juv^illes eoaafstt of detrf t i i t or a^lodeeayed organic aetter^ 
ttaieellular aad f l laaeatoai algae^ agaatfc plaata^ «ad, aand, e tc . 
Blgt) ra te of feedlog «rts asMlly observed dsrieg tbe pre-aoatooa 
Qoatbs (Sareb-Jaae) aad la te soasora aoatba f Aagsat-Oeti^er) aad 
reduced food latake darlag tbe wlaier (Beeeaber«FiAraary} aad peak 
BOBSooa aoatbi Ci^aly-togost}. 
Ilie r i t e la tite laatole fat aaoag tbe lavrafles of tbe tvo 
tlxe-groapt dartag tlie prenaaaaooa aad la te nraaooa aoaths aad a f a l l 
duriag July My be related to bfgb aad lew feedlag l a t e a t l t f e t res-
peetfvely. Bigb valaei of fat la v u e l e (rtMerred darlag tke irlater 
are d f f f f e a l t to faterpret aad I t f eew tfaat the j a r w l l e s baild ap 
large qaaatl t les of extra fa t la tbe form of winter reoorres vhloli 
does aot get depleted. Ik edalt flsbes^ oa tbe otber baad^ whatever 
f a t aeewnlatM dartag tbe pottHSoatooa ooatN la depleted darlag tbe 
wlater . tbe r i t e tad f a l l of atatele f a t la adal t t any be tbe aet 
reaal t of botb wataratlon at well «s feedlag. 
- E8 . 
Tb« f lwstMtloM l8 the l l n r fat of the i«vm11et wkleli 
v«r« m i l nr l t td aad eletr ly d«flae<l wtre aot t l s i l e r to «fttt hat* 
b99m raeordcd th« ttv«r of fttfalt «rto>la lU twt , I« 
the jtrveaflet • f rwtor aeeMMtlstloa of fat fa tB« If vet* took f>lae« 
dartog tfco late ooasoos aoatlis urilioa tlio rato of foedtoQ we* oaxlma. 
Sfatlarly, a dopletfon fa Sfver fat dariag viototr soatlls eorr»|MMidad 
to Ion foadtag aet tv l t f . fa tlio adolt fitbiMt f t tiss beeo aotleed 
%h*t tlio tttfloaoeo of ^ooad natovatfoB aad tTMnmfafi nai «ore proaoaaeod^ 
bat to ttio fnvealles the r t t « eod fa l l of the Ifver fat aoois lairgely 
roleted tc feodfag thftha. 
The fat taloai fa tfea t f tsoM of the |aveatt«« «rere loifor 
t ton those of the adaltt. There was geaerallf ao e»r1ted dapletfoa 
of fat fo the tfstites of the Iwea l ies durla^ the «later ooaths as 
was aotleed ta the adatts. 
The r f te sad f a i l of the isofftare f» the amscle and i f ter fe l l 
is aeeordaace with the eorrespoadfag daereate aad laerease of the fat 
fa these tfasaet thus showiag aa laverse relationship betareea the two 
fraetfons. The seasoaal efcle of aofstare fa Javeafles were very 
differeat fros those fa the adalts. the relatfoashfp betweea the decree 
of hydratfoa aad the emtarfty or sijawala^ aoeh as has.heea reported 
fa adult airfqala C^sfrf^ eoald aot be recorded fa Javeafles. 
I t se«M that fa the lareallea the flaetaatfoas fa swfstare eoateat 
are eattrety due to quaafttatfre flaetaatfoas of other eoastftaests 
Illte fat aad protefa. Aay effeet of feedfan was also aot erfdeat as 
the wofstare ejreles. 
m -
la ti>« two of Javenlles tbe efel«t of preteta 
11til« varlttfoa froa «k«t «as olif•nred ta tfce waaele of tlw 
I 
adttlt afffoalo f Jafrl^ 1968). flieto iotravar, ralata^ ta tka 
fseto79 otiiar taaa awtaratloa. H atfalta tbe ebaagaf fa awtcle 
p m a i a vera ralatlvalf Ifaitatf. Aeeawilattoa of proteio fa tint 
Javeatlea darlag praHSoaaooa »eatl>s aad a tfeplatfoo davfaf} wlatar 
m f t>a tiia ratalt of II!Q1I and loa faadfao iatwMittfaa raapaetlvely. 
Tbe effeet of faadlaQ oa tfee sRisele protalo eycle of Javeaflea was, 
limietary lata fMrket} ta otiier i^itaQa of tba yiMir. 
tile aeasoaal varfatfoaa fa tbe protefo eooteat of tbe Itver 
vara vore proaoaaeed la Joveatles aad wmw aoaawfiat mre related to 
tke feedtag iateatlt ies. Lew valves of Ifver protels darfa^ tlie wtater 
noatlit and btgfa dartag ttte prenaoasooa soatbs ta both tl^e $txe<»groap8 
of tbe javeafles «sf be dtie to afai lar flaetaatloaa fa the feedlag 
tateaatty. A effio^arttoa of protefa aad fat eyeles of liver ta Jareailes 
reveals a vore or less liivoroo reletfoailifp betveea the two. Aa aliaest 
aalforas level of liver protela lAsteb was reported ta be aatatalBed 
t i l l October ta adalt C. vrfasla <Jafrl, V>(iB} was aot seea ia the 
Javeatles where thfs period was aasoclated with a farttier batldfaQ 
ap of protela rwierves la the l iver. 
The ehaagas fa the ash eoatMt, If Ice those ef other eaastttaaats 
of the mnele aad llver^ were also feaod to be dlffereat ta the Javeallas 
whea eavparad with the adalt fishaa (Jafr l , l ^ } . The ash efeles also 
showed sooe relatfoaship wftti ferdfR0. Periods of hifh aad I m ash 
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cormpoad to t ^ periods of ttlgb aad low {•t«tBtft1«f. 
f t flMiy b« potstftd ovt tlNit iffcfl« Aft rcQslav erel« of t th wtt sotod 
1B tde ttsstittt of tli« ad«it Mriaale IJttfrl^ the eyel«t m r t 
«dr« dtflfi«d fS 
U Mjr tlius b« torafiad t N t t i see only t i t t l e Is loiiMfR aliottt 
tDe f««d1tt9 thythm of the lavmlles of £ . atrtnale^ It f t doitfitfal 
vfcetfeer tiae ehSBQet observed fa tlie btoeli«siieal eoa^iostttoo of tbetr 
tlssttffs could be largely dae to feedts0 aloae. tbey say very wall be 
dae to soae saeb factors vliieb are sot yet kaoim. 
sonuuiT 
Tbe eyeles of di f ferent Moebemlcal coastftaeets fa the two 
afae-groaps of the fQaeafles of C. wrtqala were alctott Ideat leal . 
Tbe fat cycle fa t£ie isasele was fa i r ly well pronoaaced aad stiowed 
two peaks. Uv«r f i t^ ea ttse other baad, abowed (miy a sto^la pMlc. 
Seasoaal cbaa^as la p»>tetn were also well daffaed la the aascle aad 
I fver . Tbe protela valaes ta tbe aiascle abowed a Qradaal r i aa record* 
faff tbe i r btgbest fa Jaly. ta liver tbe bfobest values were <rt>tafaed 
seawatbat ear l ier tbaa ta tbe an»ele. Lowest valani in hotb tbe 
t1asaea were aotfced daring wfater. Tbe valaes of proteta were btgber 
ta tbe wasele tbaa those fa tbe Ifver. Hatstara cycle abowed aa 
laverse relatloaabfp wftb tbe fat ia botb tbe t iasaes . 
Tbe eyeles of varloas bleebaatcal can t tUamts fa tbe Javeatlea 
6! > 
••ea tooeidat 4ifrf«nat froa tliote la tbe adslt ftitaes* Tbe r t te 
and f a l l of var ioa t eonatltawiti la tfea aatele aad llvar appaar to 
Ha ralatad to tbe ekaaoet fe tl>e feadtaf aetlvttir of tlie jroaag 
ffaU. 
C B M ^ . n 
CHitfKiES m m BtocBoiic/u. cof^osiTioi m opBic^imtgs 
rifiCTATOS BUOCa. D08IHS TK PEEJIATWm 
PHASE 
INTRCKJOCTTOK 
ts r ^ M t y«8rs tbe btoeltetslftrjr of adttlt Oi>lite«iii«lat 
PSEEtSSSEf the «0ll*lt8OM! fnslwaier poad eurre], li«s bees KKnrlcd 
oat rather cxtmslvely i H t t I «t al.y 1964; Sl<tdfq1 sad Slddtqf, 
1966; Siddtqf, 1966; Siddlql, 1967; I t f r f a&d 1968; 
aad Siddiqui tad Siaiiquj. 196B). tlie bfoetieatcal C(»^osHtoa of 
the javeallet of tkts fisb has already bees reported, oo a eoapara*' 
t ive basts, to Part f , Cliapter T. laforMtloa oa tbe sessoaal 
variations la tbe faloeliefitesl eoaq>o«!tloa of ttie Javeaflet of 
fit* pBPCtiiif, I t , hqverer, alaott laeftlaQ. fte pretaat ebapter deterlbea 
the qaaatUatlve ebaagt* oeeatringla the bt«clie«ileat eoapoiltlos of 
tlie maele aiKi liver of the Javmlles of tb l t flsb trm seaaoa to 
aMtoa. 
fiSSOLTS miD QBSetVATrONS 
Tbe prcaeet atady covers a period of two years from Jaaaary, 
1961 to Oaeeiiber, 1966. Dae to tbe aaavallabf Hty ef tbe javeatles of 
62 
Fig. 21 Scasoasl varfatfoas In the fat and ttoisture conteats of 
different tissues of the Jovenlles of Qphieephalas puactataa 
(fffze-range J-T c«). 
A - Nttsele; B - Uv«r 
0 o. Hoisture; • Fat. 
•i 800 
4 7S0 
4 75 0 
H 70 0 
6 5 0 
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dfff«r68t sfse>groept df poiietstai yeaad tl)« fesr, f f tbM beleagUg 
t» Mly OBtt tlse-gnmp^ 1*7 eai fO^ sgc-gnip) eaald b« iMl f tc t f . 
{fftB prmeetBttvm of deta Is f&e taae n for wrtoa^a (tee Cfttptar 
I, CBAKGES !ci m cmsm 
t i e «»1Q«S of fat obtaia^ la dtffer«at ttssQ«s Cflntaele and 
tlvar) la aonth twve been nfven fa table 17 and tbOMS ia F l p . 
S U M d 8 . 
enscts 
As eaa b« seea froa Fig. 21A, the anselo fot cycle fn Juvestles 
«»a fair ly well defiaed. The pereeata^e of fat aboard a ^radttal rise 
froa Hmwtry to Say »bea tbe laaifami pereeata^e was attaiaed bat regfi* 
tared a abarp deelfae fa aabaequMi noatba. the l<»^t value waa 
recorded fa -laly. froQ Aooast oawards tbe values acrata showed a rise 
followed by a fa l l dUrfag i^oves^er-Ceeeaber* Tt was, however, observed 
tbat the Miffatidie of f a l l ia tbe aasele fat recorded dartag »oveai)er-
Deeeaber was SHKb l « s tbaa tbe ime ea^erfeaeed by tbe fish dartag 
Jaae-Aagast. 
LIVEt 
Mver was foaad to be aneb wore rteb fa fat thaa tbe aasele aad 
i ts seasoaal fat cycle was also aore proaoaaced (FI9. 21B). Slallar 
differeaee ta t b e dfatribatloa of fat was ^served fa adalt ft. aaaetatMS 
(Jafrl aad Kbawala, 1961$). The aaaaal cycle of fat ta the Ifver was 
also wriied by two pieaks. Tbe valaes were law darfao {loveid>er~JaBifliry. 
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A qatek bstldttis ap «f fat T«m»rvmt m;eorrcd froa Fi^nsiT to April, 
tlie i»«8li valat ebtstncd tn AfHrll vai follomid hf m r«pf4 f a l l t» itey 
»«tf u slnoft Mifdffs f i I t t e r aM»iti» (•lm»-'S«ptaiber). 
A coaparitea of tlie fat eyeles of wMcle aad livar fa jsveaflas 
vaald rateal that^ altlioafli tibe t r tadt la tfie t«o t issoet vera aora 
or la ts ataitlary tbe bafldia^ ap of fat vmvntm fa tde Ifvar frea 
Jaaaary oaa«itls «•• «raeb oora rapid aad attataed the pea*! a l i t t l e 
(Writer tlwa to tlte aasele. I t Is also iatarest tao to fl«ite tliat, 
sal lire tbe mtele^ la Itver s oore or less oalforta fat level was 
aalatafaad for a eoaaiderably iMger period exteadlog ttm to 
Sd^ealbar. THe relatloaatilp between the fat i ^ l e s of tsosele aad 
Itver IQ javeatles ma t l ao foaad to be d f f ferea t froa ttte oae veeorded 
fa t i e adalt fiekea ( ^ f r l aad Skavaja, m e ) . 
tke fat ejreles ta tlie tlsaaea of t6e Javeafles wbee eos^red 
with tbote of tlie adult ffahes «oald, feovever, reveal iatereatfaQ 
feateres . I t will be aoted tliat^ altliotig!) tbe perfodt of (tobllizatfoa 
aad di^pletloa of fa t reserves In tlte misele of tlie Javcntles eeearred 
di f fereat ly fro« tkose la tke adalts , tlicy eotaelde eoas1derat>ty In 
l iver . Tlw period fros Jtaasarf to Hay aad avala la Oetishw wtm asso-
etated w%th tke bafldlag ap of keavy fa t reserves fa tke Itver of batk 
tke javenlles as well as adalt H. aaaetatas. 
I I . CRARGES IN lOISTO^ C m t m 
tike faty aolstare eeatMt fa tlie two t iasses of Javeatlea also 
skewed s l^atf teaat floetaatlons f r ^ seasoa to seasea. •mtk ly valnaa 
iS — 
of a»ittare <8 tbe aatel« ami I tv t r litiv« been fiveii tt|»ie t7 aid 
•lioKi orapiiteallf ta r i « i . 2 U Md B rei|>eettv«ly. At M r kcelcar 
ttfm figara*^ fn both tbe tftsaet nofatare eeataat tbtnred wall 
flMiiric«d aaaaal eyeles nbleb m r « rel@t«d lavertaly to tb« e b a a ^ fa 
tba fat eeote»t. Slallar ralatloasbip bettreen fat and oolature vat 
raeorded la the adult MBESttfllL ( ^ f r t aad sttavala, aad la 
tba Ittveettef of C. aytaala iaea Clii^ttar V). 
Hoscue 
iolstore eyele of assele wae aarfted bjr peair volaes fron 
Oeee^er to .^ttary aad Jme to Aafiast, and ralatfvaly low vBlaea 
durlag tbe tcsaataloci a»atbs ( f tg . 21A). la gaseral, tbe aasele sbowad 
varfatloBs la laolttitra fffcm aboat 77^ to 00% darla^ tbe jr<»r. 
Lf9E8 
la Itvar tba vartatloas lo sofatara pereestaga ware of greater 
•agaftuda, raagtag fron aboat 66^ to 77^. As la adalt flafte";^ la 
Jaaaafles alao tbe paveaatada of wiatara fa tfvar ware lower tbaa 
tboae la tbe wtaele. lolatare peremtage la Itver w»s blgbest la 
Deees^er bat abowed a rapid fa l l la aidtsaqaeat mtmlhs, reaeblag tba 
lowest la April. Hie ralae* abowed aa alaost aaffoni level fraw lay 
to October after wbfob tbere eeearred a aaddea r l i e CFig. 2IB>. 
I t la faterettlR§ to polat e»t that ilke fat , tbe e|«le of 
flMltture la aatele of tbe javeaflaa was emeb dfffereat fro» tbat 
of tbe adult Q.. aaactataa (J^ft l aad Kbawaja^ 1966). H e aalitare 
Pig. 22 S«asMSl v«*t«t<OBS ia the prottia content of different 
tissues of the Juvenile* of Opjj^ ipfp^alH^ p»|«ctatnt 
(sfze-range 1-7 en). 
A - Mosele; B . Liver. 
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eyel« of Ifvcr^ ftonever^ tboired coa« stoflarfty la t N two. 
tit. cmncBS m mtmm comm 
frotetn eeotrnt fe tli« two tttsoos «•• tribfeet to eoesiderable 
toatsoaal vsrfoitoM. 
illSCl£ 
A ««11 dofieed seasoaal eyele i r s i obs«rted the ataelo protela 
of the }vr«Kf)e$ of ptti>et«to«. 7h« voloes for tke 24 nsatlit liave 
been Qivea (B 1W»le 18 aad represented onp^tc^dHy to f ig . 23A. 
1t»ere ^ r e tir» dtttfsct phases of atterestfag High asd tm 
protein valoi^. Y1>e valties were Imett dttrfA r^ Jaaaarir aed thereafter, 
thef laereased rapidly, reaching the peak fa lay. Frwi Jaae eawer^ 
there was a aJU^t fa l l bat batldis^ up of protefa reserves wet agafa 
recorded durtag Septeiriter. thia MS followed by a sharp fa l l ta 
iiaeat eMiaths. 
Tt my be pelated oat that aoltke the adalt ffshea lAere pratefa 
varlatloRS were of a saaller order (Jafrf aad 81wa1a,t9«fl), fa Javeaflea 
the raage of rarfatfen of Msele protefa «»s oneh grester (fraa abeat 
to 20^). The aaaaal amsele protefn eyclcs of Javeafles ead adalta 
also differed warfcedly. 
tt«BS 
Seaseaal varlatfeas ta the liver protein have beea ahnwa la 
Fig. 22B. the preteta eeateat of the liver else followed a well deflaed 
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tiMitraal r ^ t l t t . It r«stal)le<S v«r7 elossljr tisal of tls« oratete msept 
tk«t tliere m§ so r t i e la p m e t s fmremtitqt fa Sksptmbw aatf tNit tke 
pdteeataQe of |»rot«fB ta l ivar vara gaaerally loarar than tbose ta tba 
ottaela. tha raaga of protala variatfoa la l ivar was fttm abeat 9% to 
16^. Tba cfcles of » t te la aad tlvar protela were tftiM foaait to ba 
dtraetly related to aaeb otbar^ tha r taa aed f a l l of protats In tba two 
tlasuas oeemrrlaQ alsott Is tbe aaow aaatbt . 
A eoapartson of tlie protein eyelet fa tita t«o t i taaes » f tb tbata 
of tbe fat wBttld tadfeate a aore or laa« dtroet relattonslifp batweea 
the tmt. This fa aa l f t e fa adalt f t ibot wbore oa ^ t i r e l y dt f fareat 
ralatloaablp «as fot»d to exist between tfce dtstrfbatloas of these tiro 
fB^redlaats fa d i f f a rmt tlasoes CJifrl aad Ktamaja, 
cmmu m m commr 
Qiliica adalt pSffi t lSlb jovealles aeatooal farfat tona fa 
tbe atb eaataat vara a^ra elearly daffaed. tal>le abowi tbe aaatblf 
asb talaes ia tbe iiesele aad Ifver . Tbaae bare beea represeated at 
aeasaaal ^^ss* 23A aad B. 
UOSCIM 
Asb eoataat fa tba aaisele raeordad f ta atafaa froa Rovaiaber to 
Jaaaarjr wberaaa froa Febraarf OBMirds i t abowed a dfs t laet r f s e ableb 
«aa agafa followed by a f a l l froa Isaa to Aagast aad a r f s e froo 
Sapiaaibar to Tba bfgbest asb pereaatage waa raeordad 
t a Sajr. 
Fig. 23 SeasoBSl irariations fa t l ie asb content of df f fereot t tstaes 
of the Juveniles of ^Meepjjtlgg pqactatus (sizcj-raoge 1-7 cm). 
A . Muscle* B . Liver. 
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LIVBB 
Tto ekaaget la ttie atlt eoatmt of liver «tr« also fa ir ly m i l 
preaonacad. Tbe Ifvar atk eye la ikowad a elosa alatlarlty to that of 
the natela (Pig. 33B) tkowtag rft tng values froH F^raary to lay aatf 
daellafag valttes fron laae to Aagatt. The pealn »ere obtalaed la ^ y 
sad Oeti^er. 
As » t U be seea later, tfce eyeles of ask fa tke ansele aad liver 
of tke Javeailet shov a elose similarity to the eyeles of ealeloai aad 
pkospkoras (see (%apter VIT). Siaee tke ask eoateat represents tke 
iaoreeaie eoastltuMts Coiiaerals) of tlasaes;, iiieb a ref«ii}}886e betweea 
tke ask and aiseral eyeles beeotaes quite oaderstaadable. 
DISCOSSfOR 
ft kas alrMdy bees polated oat (see Ckapter V) tkat tke SMsoaa! 
varfatfoas la tke bioekeaieel eoapoaltioa of ftskes daring tke pre-
flMtttrfty or javealle pkase oay be the resalt of ekaagea fa tke qaality 
aad quaatfty of feed eeasaaed, Qvowtk rate^ aMetabolfe dewtads aad wfater 
aad smHer eoadftions, ete. ta tke preseat stodfes aa atteapt kas beea 
Mde to eorrelate tke eyeles of varfoas reserves fa tke tissues of tke 
javeafles of a poad flak, {|t> PHSl l lE l * fts feedlag rkytka. Altkougk 
tke effeet of food aad feeding ea tke bioekenleal eooposltloa of tke 
iMUitare ftskes kas beea dfseussed by several earlier wofkers ta aariae 
speeies (Vilscn, 1939; Sekkaraa, 1956; aad Vaaavaa at a 1.^1960) tkere 
seeas to be ao earlier aeeoaat ef saek aspeets ea freskaater species. Aa 
•esftnat et t l a i m tt««ll4»t en a rfvertse ftch, • r lqal t 
liflwtt«r, b«m olven f» Ckiptvr V. 
tli« l»{«itg]r of g.. »M<f tBt litt rcemily beca workod o«t tn 
d t t a t l hf QtyyiM Md (1964). autlioni tmw9 gIvM aottbl* 
iitfora«ti<»ti OB tli« fttdlag fittbttt of oditUs otM) Jttvmlle* of tl ift 
•pte le i . Tbt food pytforoaeti of tbe tmtHrre f ltboi Hove boen foiaoaa 
to dtffor eootfdond^ljr funs tboto of tko adult flgli«t« Tbo sala etto-
gorlet of food of the jovoBllot laelado tueli or^nitot as epbeatroptora 
ByflfNlit, eopo|>odf> dapbotds, aad otbor erattaeoaa bat, oa the wbolo, 
taiosta eoant tato the emie balb of food of tbia groap CQayytra aad Oaatn, 
1964). Tbo ra%« of feedtati ta adalt (t* oawctattta baa boea foaad to 
vary fron aaaaou to aaatoa, vbleb aeoas dtpeada»t os the eo^oaftlon of 
food ori^ataMi fa poadt, tb«fr avall^^tHti' aod tbt pbyafeal aad ebealeal 
eoadttlfNif of the poads. Ta the poadt of aortbota tadla, faUtog wlatar 
toqparatara or tbe period of dfoagbt ditrleg aioMar^ affoets tbe faedtag 
aat l t l ty of tbta flab eoaafdarably. Altboagb ao dataUad study baa boan 
Mda aarllar on tbo aaatonat ebaoQaa (a tbe m ta of faadfag of tba 
Javoatlat of paaetatai. aa astfjMita of tbe to ta l got eoitaata of tbe 
Javeafloi (aa paieeatage of total body watgbt) «ade by tbe preaeat aatbor 
la vartoa* aeaaoaa of tbe year tadteates tbat, altbongb tbe oagaltadNi of 
varlatloa la feedlag la ani l l , tbey ladalge <n relatively tetlve f—dlag 
dartag the prenwaaoea (KaroboVay) aad late neaaooa (S<|>ta«ber>Oeteber) 
•oatba. feedlag rate la aalfomly low darlag tbe reat of tbe year, 
eapeelally darlag laae*Aagutt aad Decaii^tr-iaattary. OeyywR aad QaalM €1964) 
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also <il>t«r¥«d Ion fcMid iitt«%« by the Javcflflet dartng wti t«r 
<Oieeii»«r-Jatu>nr) b«t lisv* sot reeonled any narked ebatiQat la tfta 
t i « t feedla^ durlao t N raotfafag pariod of tba ytst* 
tha r f ta and f a l l to tlie «»ae)a fat eoatant of tlie Javeaflin 
say ba ralaiad to fluctoatfoat fa tdatr rata of fai^liag. (itfili anitela 
f t f ral&ef from Mareit ta attf aod S§ptmagt*r tit Qetober, «s<f ¥9l»«§ 
during laaoarjr, and ^ooa to Aacrutt my be t&e reaalt of aod lo» 
food lataka raf|H»t<veIy. 
Sfai lar ly, the pbaaet of and 1M; f&t aeemalatfoa la l ivar 
ia various laoatlis eotaeida «Uh tlie pbaset of aettve and loaettve feadteg 
by the Jitvmfles. I t f« icaportant to pofat oot tbat tbe bf^eat f>er*> 
eeato^es of eopepods CtHistly eyelops) oeeur ta tbe gats of tho faentura 
fttb(»i duriag the period ^ g ^ t to October (Qayyoa and Qaitn^ 1964) 
irtifeb was marked tqr rfafsg relues of fat botb tn tbe Ifver at welt In 
tbe aaaelf,, sttmo t t f fU i i tiKtnigti^ tw pmnHwff 
jfiater^ H aems tli:it tbe fat •eeiMMlatad daring tbe above period (Oetober) 
aarves at wlatar ratervet for aaatlaf) tbe anerfl^ deoaadt of tbe Juveallet 
aad get a lemt wbaattad durtag tbe peak wlater awatbt (Oaeeflber* 
Jaaaary}. Ifitb tbe retaaptloa of aetlve feedlati ta later neatbt 
(Febraary-Sareh) these reterves again i t art aeewmlatlaq la tltsaea 
bat gat dapleted tooa vbea the faedlag rate tlawa dowi darlag Jaae-
Aagatt. Ibete eyelet^ tbarefore, preaent a pletare of the balldlag ap 
•ad a t l l l t a t loa of retervea la tbe Jav«al]et of j^. aaaetataa fro* 
•eatb to ooatb. 
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I t ) • lat«vettt»9 to aot« that the depIvtloB of f i t roiorvet 
frofi ttie liver oceurt o l l t t l o « i r l lor then froo the nvfele Md that 
tbe liver ntfntotaf • rolotfvoly ualfovoi f i t levol for • eoMldersbly 
longor porfod of tii« yoar (Aif to 
At kas beea potat<Ml oat aarUar, tbe fat eyelea la tfia tfaaoes 
of the Javwllat diffarad aarfcedly fron tlioaa of tha adult flahas. 
TUfa t« parliapi baeaosa of tfaa faet that la adalt ffafias the cyelas of 
rarloiis bteeboafeal eoaatttueata are goreraed ra»ro by the eyele of 
oaturntlof! and spaimtag of the f i th thso by feedlao aleae <^8frt aad 
Kbavaja, 
tlio trarlatlottt la the pereeataQet of oolfttire In the meele aad 
l iver have been found to bo entirely due to the floetuatlons la the 
•aoaat of fat of these t l a a a ^ . the effect of feedlan therefore, 
aot evideat oo the solitiire eyoles of the two tlaioea la Juvealles. 
The degree of hydratlow la adult flahea, oa the ether head, haa baea 
reported to be laflaeaeed both by the Mtaratloa at welt at fat varla-
t ieat (Jafrl aad KhaMja, 196BK 
^ chaaQaa la the protein eoateat, l ike thoae of fat^ my i lao 
be related to the feeding rbytbn of the laveallet. Peals periods of 
pretela aeetmalatlon la tlaaaes («Hsele aad liver) darlag ttay aad 
Oeteber eelaelde with the phaaet of high food latalre. Slailarly^ a 
fal l lag off la protela la the two t l i ao f i darlag laly-Aagaat aad wlater 
CDecaaber-Jaaaary) «ay be correlated with the left active feedlag 
daring the*e naatht. I t ta, however, laterettlag to note that a high 
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m * of fMdl»9 ilarfig S<H»t0aa>«r »iil Oetober list sot • • «iTfe«d 
• f f«et «• thtt liver prot«fa eyeSe as on tli« m t e l * pvot«fB cyel*. Hi* 
]tv#r prottiB Itvel r taalM mth imt t r m ebeot Jsma te F«i)ra«rr. ^ 
tti« •dttlt jQt. PMBSitliHt oilier titRd, tueti r lSM ead f t l l t M r « 
lot observed end eenfeqaent I f , tBe verletlons Mere Hatted, the protete 
level reaelaed ttsifomly t i t 0 ttiroegliOQt tlie tptwtiliiQ awd pott»tp«Mila9 
periods proNibly to c»eet ttte f tmd^ata l eltrogen deetands of t t» adult 
ffsit (;iafrt aad iCItaMiia, i 9m) , 
OiHIte tlie adoU (t, aaaetatos Uafrf and Xliaiiala, tHe 
aeaaeael varlattoas la tke Mfe eeateai of varieui tlssnvi of javmiles 
shotted a «ore elear reletloasblp with feeding, th« periods of aad 
loir asb pereeataoM eolnoldlBO wtti) the ptiases of blob and low feedfa0 
aetlvfty respectIvely. 
SOMAtT 
SMseaal vartettons of vartoas bloebealeal eonatfluents were 
et<idted la llie msele sod liver ef (t* P iss is i i l daring the pre-wtar i t f 
iriiase. tbe eyele ef dfffer«it reserves were adapted to aaauel rltytbta. 
8i9fier aeetiwilattMi of fat^ protein aad ash In tbe tlssaes vrere ^served 
darlaQ Aprll-Btjr ead SeptesA^er-Oetober, and l^ Mwr daring Oeeeober-January 
aad laae^Aagast. Melstare eoatent m t feaad to bear an laverse velatlen* 
skip witli the fat . The eyeles of various ceastltueats In Jnvsnllee irere 
d I f fe rMt fro* tiMise fa the edalt fisbes and seeaed related isere to the 
ehaages la the feeding setlvlty of the Jiiveallee. 
c n y m i - m 
SSASOHAL CHANCES (Jtf CAIiCfUl AND PIQSPBSi&S IN t m SmBHUES OF 
OPHICEPBAIIB PONCTAtaS BLOCB. 
IRTCODQCTfaN 
Csleloa Md ptootphoraf, b«t(its ttkiog tit aQtfve pan !ii varloiif 
Mt tbol le proewtttt, arc ftUo toime te piny t vviy !«port»Bt rol« f« 
tl!« ott i f lett lof i and fonnaltoa of tkaletal tfs«<ie». Altbougli amwrottt 
aaalyttt hava bean otadt to •ttfouii* tka ealefoBi aaii plioapliorfit eoataata 
fa f t f l i tlaaaat CBme, 1924} SaHa asd Gtika, 1989^ 1940; fttyogt at a l . , 
I941t Baaa t t a l . , 1942; Atvaa, 19S0j Natara|ae aad Sreaalwaaaa, 1961; 
Bliatt at a l . f 1962, 1963; Caatarat, 1962; aad Jafrf •% a l . , 1964). vary 
l l t t l a la fcaowi of tholr iaaaoaal eyete aad tb« faetora mhieh Qovara tlialr 
qaaatftatfira vavfabflfty. Aa a wlioley tba pbyafologfcal attKsatloa of 
tkeaa aiaaralt la ftaliat liaa aot b«an properly aludlad. Reeaatly SIddfql 
aad Stddiql (1966} kava reported aeaaoaal tarlatloBt la ttie calelwa aad 
taorgaale pboaphorw la fal ly grawa (adalt) spaelflieflf of OotilceelialMa 
BMBctatiw. Toma f l ikat Cjaveallaa) of oaay apaetas have beea akowa to 
pofaeti aigatftoantly higher qaaBtltlai of eeletim aad pkotpkerai fa tbefr 
•ttiele wkteti tkey prt^ably re<|afre for aetfve groiitk (aea Part t , Chapter f) , 
Tke prMeat ebapter glvea tke aaaual eye la of tkeae two aleerelf la tke 
aiaaele aad liver of the twiature CL* oaaetatqa. 
7» 
Ffg. 24 Seasonal variations fn the caleloa and ftbosphorut cooteats 
of the tissues of the javehtles of OnfelfiflRlaJm pmtatJII. 
Csize^rasge 1-7 cm). 
A > Muscle: B •> Liver. 
o o. Phosphorus; • e. Caleian. 
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BESOLTS A»0 9ISC0SSICK 
Thtt present ttady wts also eanrled oat froa Jiatwry, 1964 to 
Dteaeber, 1966 on tlt« JovMfles of oBly «»• sls9*groap (1-7 ea) of 
r&e calefan asd phoipkoras eoatttiitf la botb tli« tftfuat (anitelo 
and liver) varied eonslderabljr frois weati) to soatli snowfan a ««lt deflaed 
teaaoaal eycle. tt)e aeaa valoes of eeleits!! aad {»tM>s^ l>or!i9 ta tlie two 
tissoes for varloas eteatbs have been <glven fa fables 20 aad 71 aad 
plotted la Pigs. 24il aad B. 
It caa be aeeo fron Hg. 24A tbet ttio ebsoQes fa ealel^ aad 
pboaphorua of the Qusele vrere alvott Identteal. IWo peaitt aad two 
trouglit were aeea In tbe eyele altereatlao «lth (Mith otber* fbe peak 
valaet oeearred fa Hay aad Ckstobor aad tbe troa^b valsiM la Jaauary aad 
Seaioaal varlattoaa la the aiiaeralt of the liver were alimtt 
tiallsr to those of tbe nrascle (Flo. 24B} ei»ept that tbe ejrele «af aet 
•0 well aHirked. The ebeagea fa botb ealelasi aad phoflpberat wetre very 
aiieb alike. Tbe vsluet of pbesphertis were geaerally bigber fa tbe Hver 
tbsa tbote fa tbe nasele but tbe oalelam eonteat wet low. Tbere were 
two pbavit of alteraatlnfi waxlam aad alalMH <Ffg. 24B). tbe rlaei ead 
fallt oeearred evaetly fa tbe laoe ooatba at was tew la tbe aafele. 
It ooa tbat be eeaeladed tbat tbe cfcles of tbe two wtaeralt 
la botb tbe tisines are very tlwflar aad tbat la eaeb tlisve tbere Is a 
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dtfttct relfttloastslp b«twMiB c a l e l ^ pkotpltoyti*. otb«r wotA*^ 
•n iaer t t t * tad <!•«?•••• fa photpttorot values ara follotHNf by a alal lar 
rtsa sad falS ts the ealefss eoataat. Tbts Is sontfadfetoyy to i^e 
opiafoa held by Stddtqf aad Slddlqf ilWB) tt»«t la tbe adalt apeefaani 
&<• PlIBSdUKUUl »o favaraa valatloaalilp axfata iMitweeo ttm two iiiBerala. 
Tfse fkelatal tiasues of vanabratas ai« tlia Mfn aftet for the dapoaftlon 
e>f ealefuffl aad pbospbottia^ aad a1ne« a fraater pan of ttie body pfcoapborua 
la aseoelntad witb ealetoa fa alcetetal tissues, fbe {aatabollsf] of tbesa 
tw^ n!aair«1« la «9ipe«tad to b» parallel and not Isvorte. I^e seaaoaal 
cycles of the two aleeralt observed fo the eitiseie 8«d Hvef of the 
javeatles^ therefore^ eoaflrei a sfntlar rerasrk oada aarltar by tbe praaaat 
aatbor (aee Part Chapter I f ) while atadyfao the btocbealeal ebaogea 
In tbe aasale of PlBSSAtia. to relet ton t« tbe alaa aad orowth of tbe 
f i fb . 
Altbeugb tbe f»netloa and dlatrlbatloo of pbospboros aad Its 
eofl^ ioaads bave beaa extaaslvely studied la bibber vert^rat«f» ear 
kaewledga ef these la ffsb tiasoes Is eomparstlvaly reeeat. Several 
earlier workers bave eenrelnted tbe variations la tbe aa»«at ef phosphorus 
with tbe oaturatloa of the ffsh (Bruee, 1924; Chaag at a l . , 1960 aad 
Bhitshaaa Bao^  1966). Exeapt for tbe areount fivaa by Siddlql aad Stddlql 
(1966), no otber observation ieens to bave appeared earlier ea tbe 
varlatleas of tbe ealefwa eonteat In the t<ssaes of any taleosteaa flab. 
Slaee In javealles there Is no possibility of the utll laatloa of these 
nlaerala In tbe siaturatlaa proeaaa, the seasoaal rise and fa l l of ealefuw 
and phosphorus observed la the nasele aad liver could probably be 
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•ttrfbatttd to torn oieh f ietor i t t elwatMHi fii tfte tatensHy of f««dtng 
• •d growtfe «f tl i* fUb. 
7be m e o? ta tee javimties of jg,. p u s n t s ^ Utt iMWi 
fotttd to vary fitMa tottoa to so»t«ii Ct«e Chapter VI) . The fa l l la th« 
aaouat of eolcltitsi aad phoaphoruf darfag wlatar and thefr sabaeqaeat 
rfae durfao the pra- aad lat«>flidatooR ooatha oay^ therefore^ be attributed 
to low and htgh feadfag fatentttfes obterved dariag theae aoatht reapee-
t lvely. Slfltllar eerrelatfoo bet»e«B feedfs^ aad ealefan aad phoapbonif 
levela haa been pofated oat earlier fo the adult (L. oaaetatwt (Stddtq! 
aad Sfddtqt, WtB>. I t bat been aboara by ijtata and Bhatt ( 1 ^ ) that 
fo aaaetattitf litre la maay other flahea, growth fa leagth fa rapid 
durlag the pre-Mtarlty period* Itie higher values of ealeliats aad 
phoaphorai la the t l f t a e i of the jareatles thea thaae of the adolta, 
therefore^ beeoow aelf-ncplaaatory fa tera« of higher nlneral reqafre. 
aieotf dariag the aetive gronth phase* 
Coavlaelagly eaeagh^ the rfse aod fa l l of calelafii aad phoipheroa 
raeordad la eertata aeaseai of the year aeea to cofaefde with the aeaaeaa! 
perfodlelty (^terred by Qatla and Bhatt U966) la the grevth of O.eaaetataa. 
Thia probably ladleatts that aay narked retartMtlea ta the »etiril>ollin 
of theae aitaenilt any eaaae a eeatatloa la groarth. Te give • farther 
proof of the Idea pr«ieeted here^ I t aroald be of meh latereat te eeadaet 
aaetoaal atady ea the ealelaa aad phoaphorat lerela of the bleed ef 
Jureallet eoaeurreat with the efetifet la ealefua aad pkosphoraa eeateata 
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of ttit cttviyowNiat (f»Mi(ft> la ni^feli tlietc fUbM ttv«. 
sonm 
fa yonBQ A. MlSllJUaL seiioail vartat loot fti cslefum tHd 
pboip&oraf of •titela •ad ltv«r tkowad • direct eomlat foa, aad sot 
iBvaTtftt at lias baaa raponed •ar l tar . Bath &t th«sa niaerala tltowad 
a bfo^dal eycl«« QIgh valaea oeearrad during P ^ ttui >>ta ooatooa 
•oatftf asd lem valaes dartag wiatar aad paair noaaooa aeallit. TUesa 
oliaagea aaeaed r«l»ted to tlie faedtng iataoattj' aad ^rewtli of tha 
flab. 
CHAPm • VTtt 
nSASONAL CB^I^S OF CAl£Iill Hm PBt^BuBfB IN f m JOVEKlIiiSS OF 
SJESSM EjBML <®»'> 
iNrB0oa:Tf(«3 
Caleiutt mil piiot|>liorat Mv* •Iresily beeo tliomi to «xiifbit 
osrited qotatltnttve t«atM«l varfattost la laveafla ftffeai Caaa 
Cliaptcr V I I ) . Atttioagli Banavoat aaalyaaa kava be«a mda to afttsata 
tba ealeloKs and piiotpfaoros eoataatt af aavaral ffitittf f«elaillB0 
Ctifrhln^ (Natarajaa and Sfatalvaaaa, Vkntt at a t . , 
1962; .lafrf et a l . , 1964);, tliara baa baes ao earl lar aecoaot on 
tb« quaaittattva vartatfoaa of tbase tstnarals fa tfca Jifven<l«i of 
tt>tfiala> I t tbarafora» tfioaQlit li^iortant to <«vtst<^fa tba 
aaaaoaal eye fa of ealetna aarf plioaptioraa fa tba ssiaela and l ivar of 
tba javaallas of tufa ffab. 
SSSOLtS AND OtSCOSSION 
Saatoaal vaHatfoaa of niaarala la tba Javaallas af C. •artoali 
ivara alao atitdlad ta tba two aiaa-9foa|Miy 1-16 e* aad S0>90 aa^ for 
a pariod of two faora. Malat and fatnlaa wara aot aaalrt«d aaparataly 
aad tba fora of praaaatatloa of data ta tba aana aa daaertbad alaawbara 
<Cbaptar V). 
7» 
Fig. 25 SeasoBtl variations in tbe ealciua and phospliorus coatenta 
of the ouscle of the javcniles of CIrrhina aElSElS.-
A - tize>raaQ« !-l6 cn; B . size-range 20-30 cia. 
o 0, Phosphorus; • — C a l c i u a . 
0 600 ooeo 
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t i bolli tht tlitBM (amtele vad ]lir«r) • w»ll tf«f(a«d • • • •Mi l 
rfeytbs «tt fottAd fs etleiim pbotpboimg. ttmtlily vsUtt litv* l>t«a 
glvm ta TablM 22 tad ciut rtprttmttfd QirapHfeailly ia Ffga. 26 
and 26. 
As It flvldwit froo t}i0 flgares, fn botti tlie «fe»-groi9t tbe 
eyelet of tbe two Alnerala ware nore or l«t9 Ideatfeeil, altbottg^ ta 
gaaanily tfee aMotela of tke luvaollos of tisa toatler tlKe'raaQa abowad 
algnlfleaatif hl^^ar valuea of calefoQ titan tlioae of the lavcpa atae-
firoop. fa llvar th« valaaa for both ealeloa and pttospltortss mre 
rally lilgher te the Juvtmiiea of aonltar afxe tbaa fn thoaa of the 
lar^ar o»«t. tlita Indleatat that with tlio iaereate la t l sa tbere la 
aoaa dfataotton of tHese ainarala ta the ttaiaaa. Stallav raaalta 
tmra otita(a@d tke dtaagai !a the btoebaafeal eoapof ttfoa neta 
atttdfed with tba gravtb of tbe ffati (aaa Chaptar ITt). 
Xa tha nniiele tba aaaaoaal varl&ttoits fa ealcltes aad pkotpbonta 
atiOMad two dfatfaet peaks the ftrat dartttfi the pra-ooasoon Koatba 
(Aprtl«Jaaa> aad the aeeoad darfag tba lata neasooa «H»atlis (Septand^er-
Aetober). Staflarly, low ralaes aeearred darfaq tba penb «ontaea t^luly-
Aagust) aad wtaiar (Oee«irf)ar>Pabr«ary) Matbs. the higfiaat ralaas ef 
both the tttaerars ware raeorded ta Juae (Figs. 2SA aad B). 
Ia tbe liver tba aaaaal eyeles of batb tbe nfaarals were rela-
tively More proaeaaeed ( f igs . 26A aad B) than ta tbe aasele bat tbe 
laerease aad decrease were at«oat la tbe aesHi «oatba as ia tbe wasele. 
Fig. 26 Seasonal varfatfoas in the calcius and phospboras contents 
of the liver of the jnvenfles of wriaala. 
A - size-raage 1>}6 m ; B - size-ran^e c«. 
o o. Phosphorus; • calcium. 
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• l« t !»r f l f« t 9l>t«rv«d Imtmmn tf>e tMiial eyctti of etielns 
•od phosphoritt fe ttm nutelA and Ifver tficrg«»t • dlroet r«]»tt«Mlit|> 
bfttwMii tfi« qMBtltnlVft distrfbuttoa of tNi t* tite Mlscralt Is botk 
tli« i l tsuet . Tiitt «tt fa AO Mjr different twm wlitt tiat b9«B ^t«rv«d 
pttMtatwf i i t t Ctiapter VTI). tli«ie ttad!<» »l»o suggest that 
ptttsra of SMtOBSl ebssgos of esletum sod pbospborns rcnstus mora 
or ]«is statlsr !» s i ! sfse-groaps durt>i0 tiie prenasturtty pltsss^ 
dsspfte order and ^Qiiftede of vsrietfons related to tt>o size and 
age. 
As Has already bees polated out (Chapter VtU tbe fluetuetfess 
In the ailaeral eoateets fros montb to moatli Is tHe faveotles esoaot be 
attrfbttted to the cataratloe of the gonads and taay largely be due to 
soae soeb factors as ebsages fe the feeding ae t f r t t f , gronrtb^ ete. t t 
bas earl ier bees pointed out (see C%«pter tbat the jttrealles of 
I f fadalge fa a»re aettve feedtag darfan tbe pre-Bwasooa (fSareb-
4^ aae) aad late iseasooa amBtlis (Aagost^Oetober). i'ood totatre fs less 
dartag wfater (Oeeaafeer-Febraarjr) aad peak nKtosoon (Jaljr'Asgast) ewatbs. 
The rtse ta tlie ataersl eooteats of tite susele sad Hver duriag tbe 
pre- aad late aonsooa oMatbs aad tbeir f a l l duriag tbe wfater aad peak 
naasooa aoatbs my, tberefore, be due to tstgl; aad low feeding of tbe 
f lak. St«tiar relattoasbfp betweea tbe feedlag tatensfty aad tbe eyeles 
of ealelas aad pbospbaros ware reeorded fa 0. paactatas (Clbapter Vt t ) . 
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SOMARV 
SMsontl vtrfatloot nf eoleltm and pliospkorut «t«ir« studied 
fff isssele end !fv«7 of the jsweaiSm &i g,. atisFSlS.* efeim 
of tlies« atfleriils atre alisott i l a l l t r fn botli tfte t<ft(f«s. Bfglt 
v»ts«s at ealefm oed pbospDoros eeeuri^ daring the pm-tMacooa 
»ad ctoesooii noatlit and low talats darfo^ vtat«r aod peak onasoon 
Qoatbs'. Tli«$e eliiaQes t r« prol^ably eaotad by tbe lateaf fty of fatdtag 
of tfca f l ib . 
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CHAPTER . IX 
ACID AND ALKAUNS PHOSPHATASE ACTimT IN THE EGGS OF SOIfi 
FRESBHATER FISHES 
INTBODOCTIQH 
Tii« flwtabollc activity of f i t l i eggs tot aot be«a adeqaataly 
stBdied tad vary l i t t l e atteattoo liat beea givea to the locallxatioa 
aad aeatoreaent of varfoaa msyaatie aet ivf t iet ta tfteo. la a reeeat 
eoMiaaieatloB Hataa aad Jafri (1964) tove givea tbe pbyaieo-eheafeal 
properties of rlpe^ satpamed eggt of a aaaber of freibmter te leoi t t . 
Studies oa the aetlvitiea of eertaia asyae* were laitfated aa a 
coatlaaatioa of tbe earlier worir and ia tbtg chapter tbe aetlvit iea 
of acid and alkaltae pbotpbataaei «bleb have beea aeatored In the 
ripe^ aaspamied egq* of four differcat frethwater fishes are described. 
Ia reeeat y«irs coaslderable advaaeeaent has beea oade la the 
aaalytleal teebalqaes aad may seasitlve sethods have beea developed 
for the est lastloa of eaxyaes la tissues of both vertebrates aad 
iavertebrates (Harris, 1946: Boag. 1946; Gostafsea aad Basselberg, 
1950; Kiad aad •aeehi, 1952; Kragelis at a l . . 1952: Barker aad 
Alexaader^ 1956; Sridhara aad Bhat^ 1963: aad Srlaivasaa^ 1964). 
Several reports have appeared oa the phosphatase activities of dlffaroit 
fish tissses (Al^Hassaiat, 1949; torch, 1949a aad b; Arvjr* 
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KritbMMortky* 1989; Sr iwt tavt . 1966: Md Copal Oott n d Govladaa, 
1966) bat aay etldeaee OB tbe aetfvft let of thei* Msyowt fa f i t l i eoQt 
f t alaost coapletely laeltlag. 
BfiSOLTS A!^ OBSSBMTIONS 
Activities of both tbe acid aad alkallae pbospbatases have b«ea 
Bbenra \n table 24. E«eb flQ^ira givae H the i ^ l e I t tbe awas «f tea 
observatfont oa eaeb tpeeles. Aa eaa be aeea fros tbe table* tbere ff 
a eoasfder«b1e varfatfoa fa tbe pbospbatase activity of tbe eggs of 
varioos fisbes. Ta geaoral. tbe eggs showed very l i t t l e alkelfae 
pbospbatase aettvfty. Tbe^YmiMt valae was recorded fa tbe eggs of 
StillSSPhSlBl paSSmSL ibe bifjbest U lafesa. roMta. 
Tbe aefd pbospbatase aetfvfty^ on tbe other bandi was aarkedly 
bigh fa tbe eggs of srast of tbe ffsbes examiaed. Tbe bigbest activity 
was aoted la the eggs of Cfrrbfaa wrfgaia BBd tbe Towest in HeterepaaMite* 
fossil Is. Tbe eggs of L. rohfta and Q, PUUBUUIUL showed oaly average 
values. The eggs of carps aad worrels sees to ayatbesfse sigaiflcaat 
qaaatity of the acid pbospbatase. 
Froa these Observations I t seeos that fish eggs possess very 
weak alkaliae phosphatase activity and a relatively strong acid phos-
phatase activity. Barker aad Alexaader (I9S6) iri i lu stadflag tbe 
phosphatase activity of tbe hoase-fly eggs have also aeted that tbe acid 
phosphatase was very active ia the eggs. Slnilar observations were 
mde by Sridhara and Bhat <1963) oo tbe eggs of silk-wora. Very weak 
- -
t l k t l l ae 9l}o«phstasft aetfvUjr »t9 •]•<» noticed la the •gup of t ta-
arobfn by Guttafton aod {ftfltelberg U^SO). Slaee no t i t fat t foat hatred 
to far beea tsiadt oa ttie •egt of aajr varteiirBta, toelodlng ffah««, a 
cooparlsM of valuas of ffah «fnjs wHb otbor ven<^r8fe etjgs would be 
rerjr fatttreitlog, 
Df5€tl3St(];i 
Tlie ioeoltjuition of pfeosphatssea to tiasaes bostdM bones fs 
kaatva to bo vttsl for various physlolontcsl or aefabolle processes 
CSataoer aod Soaen^ H bas also t>oen suooeit^d that the {>ttos-
phetsses DSf foro a pm% of the easyae aystm Involved fa ttie syatbesfa 
of protein froo the auelete aetd coii^lex <Bradfteld« 1^1) . l^wtver, 
tiie probable role of phospbatases la teleost eg^s aae^s to be nocli ttts 
deflaed. Ftsb eggs bave been reported to be very rteb la protetas 
({laaaa aad lafrf^ 1964) aad ft Is }af3t possible tBat tHe pbospbatases 
t!it<|ht be tavolved fa Its syatbests. Tbe present studio Indicates that 
ft Is probably the acid pliospliatases wbtct: might plajr a oore active role. 
The presence of acid pkospbatase la the spensa ef sooe vertfHl>rates bas 
breo attrlbated to the role t^lcb It plays la the depbospborylatloa of 
Qlucose ester to liberate fructose^ wbleb serves as food for the 
spenaatoMJs (Roebe, 1 ^ ) . The saae My be t r j e for the fish e^^ 
also. 
The presence of a relntlvely high acid phosphi^ tase activity, 
especlnlly In the presence of a very weak alkaline phosphatase activity^ 
- ds » 
IndleatM ttit lo^orttset trkfefe the former my hawe !• the fMH r^yeete 
<l«v«IO|NMtit. I t bat b«en taggcttAd by Cort •tid C»r1 (1939) t l i t i • bfgfc 
eoae»»tratfo8 of acid {»b<i>spli«tas«^  in the tbttneo of U i alkaliae eeusttr-
part, ft an adsptstfoo to eauiaet aetfv« glycoum t r t f f t e In eonbi* 
sattoa wftD a di^botpliorylatliig neobaatan fe tfie acid ras^*. Sfeee 
very l l i t t e fa fcaoifa aboat ttoa glyeotion level fn flab egf^ s, f t eaaiiet 
be aafd wbetber aucb a oeehsaftes would operate to e^c^. I t 
tbereforoi be latereatfotif to aake a detafled atadjr fa future of the 
QlyeOQen aod pbeapbatase level eloag wffb tbe dfatrfbaitoB of laor((}8Bfe^ 
and orgaofo pbotpborus dttrfog different stages of the developfseot of 
f f th eggt. 
Aetfvfttes of aetd asd alltallae pboipbataaet were ««t!mted fa 
tbe rfpe, aatpairned eggs of foar eocsraoa freabwater ffibea. la a l l tbe 
apeefet aaaljrted^ the alHalfae pbospbataae aettvlty waa feaad to be very 
weali wbfle tbe aetfvfty of aeld pbotpbataae vat relatively atrowQer. 
Hiere ware varfattona fa the actfvltfea of botb aefd and alkaltoe pboa-
pbatatea fa dtffereat apeelea. The pottfble role of pboapbatatea la 
tbe eggs bat been dltcaaaed. 
cnmrn . x 
A0ID AND AUCALIKS PHOSPHATASE ACTL;/M TN T M {LIVSLOPTNG OOCITES OF 
qpHW P^HAiJOS pmfAim BLOCB. 
nirrs(»acTT<« 
R<Ka0i1ral»ty I t t t l e mt^ !»>« bten 4ooe oti the mcjrrae sjrst^a of 
ftsti oocytes, ts M eerlter ebapter (Cli8pt«r tX> I t ha* b«ea SISOWB 
that acid and sllrelloe pbospbstase aettvltles 8r« fe6m<} le the eq^ of 
sone frestswatttr ffsKes. The present eheptor deserlbRS enother s«rtc« 
of experiments tubsttqueotly underttkeo to aitlsiate the efeaRiget In ttie 
tet lv l t les of phospftatatm to the <l«velop!n9 oocytes wf the conawo 
frasfisrtter posd ettrrel, jQpMsgpN,la» p m H l t t t ' 
Althoofib oaoy tatiiors sttonpted to Invest f(|ste the localf* 
uttoR of ptiospbstases In varlntis fish tissaes (Koehe and Collet, 1940; 
ZorsoH, 1947; Al.Hustafalf 1949; Loreb, 194%; Arvy, I9S5; Crakasb, 
1961; Srivastava, 1966; Gepal Dutt and Govladsnj, 1966)^ the atady 
I tse l f la alfsost a l l Its aspect Is s t i l l la tbe process of being developed. 
Besides a recent accoaat by Krlstmaisoorthy <1969) on seasoaal ehasffes 
la tbe allcallBe pbosphatase activity In tb<> ovary of some flsh^ eotblao 
Has appeared on the c h a a ^ t« tbe activities of pbospbateses la fisb 
oocytes darloiti oaturatlon. 
86 
FJg. 27 Acid phospkatase activity la the devaloping oocytes of 
pasEiiuai.. 
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KBStJLTS AND OfSCOSSfON 
Tiblt 26 ttiwt th« resuitt of sefd 9n6 alksliee pHo9p)k»t«s« 
»etlvft.tes Ir tfee d«ireloptB0 ooeytm. fhti values for tho aetiirtty of 
oich eBBjrae liove been plofttd to 2T and W rospeetlvoly. t% eaa 
be a«on ft03 the ff^atM ttist tbore <s a piro^rotslve roduetlon to the 
aeid pbospttstaso aetfvity during tbe aatursifoB of ooeytoi. Tbt 
smallest ooeytes sfcoar the aetfvUy of aeld pbompbatBte aod tbo 
laroeit the loweat. lo eoatraat to thfa, tbe alfraline lohosphataaa 
aetlvtty a^ ows a afonfffcant foereaaa durtng tbe matoratfon of ooeytea. 
L ^ t t and blgbest alkaltoe pbospbotaso eettvlty occwrred In tb© ooeytea 
of aoalleat and lor|M»tt dfaoetera raspeetfvtly. 
Asotber totereatlog feature sblcb eiter^os ttm tbe preaent atudy 
ta tbat the elkalfoe pboapbataae fe tbe ooeytea laqa bebtnd fta aeld 
eoaaterport tlirou^botit the dtveIoi»9ent. Tbe ooeytea always eontatned a 
higher qaaatUy of aetd tbaa alkaliae pboipbttaae. tltg^ier aefd pbospbataae 
leveU bave al«» been recorded prevfoualy la the e^ ipta of aeveraS freab-
Mter fUbes (Cbapter H ) . Taerease la tbe aetlvfty ef alkaline pboa> 
pbataae daring developiiient baa al«n bffm aoted f» tbe e ^ t of graaabopper 
(F1ts(jerald» 1949) aad aea^arobta (Gtiitafaoii and ftaaaelber^r 1950). 
U beeoaea a)ao clear froa tbe fiffurea that wbeaever tbere la 
a deereaae In tbe activity of one eecyme dnrlafi developiReat tbere f t a 
eorreapeadlnQ Increase In tbe activity of tbe otber easyve. Is etber 
ncorda^  tbere Is an faverae relatlonsblp between tbe dlttrlbatlea of aeld 
Fig. 28 Alk«lfae phospfeatase activity in the developtsf? oocytes of 
flpMssRisUUtt. paBfiisiitiL. 
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and elkalioe photplmtates in ftffc 
Thar* I t ao donbt thai tite ««iyaatfe aetfvtty Is davelop^ao 
ooeytas t^oald lead to toaa Ic^ortaet bfeebcafcat ^f^aiigesi but the 
faaetloeal stoaffleanee of tacb ehsooaf la fisb ooejrtea hns raeaived 
oaly HK>d«st attaotfoo to*data. 
BIghar alkaline pbotpfeataae settvlty attained fn tbe ooeytea of 
larger dieaeter f i gaaeraliy aaaoetated wfth pTotein ayatkeats (Krfthaa-
Boorthfy A eloae eorrespoad^ee betiraen actd phoopHatasa aetf«f«y 
and protela tyntbesfa hat alto been suggetted earlier (Voiri^ rodtr 
f4el8tf«ely !i1<gher coaeeatratloai of aefd than alkallae photpfeatate In 
the developlon »oeytet Indicates the utflfsattoa of ttie foramr !a egg 
owturatloa. Th# higher ee»centratlo» ef acid pfiosphatese aeeospaaled 
by lo» aliraltne pbotpbatsite Mtivl ty^ <^terved here eapeetally during 
the wirly ttages of the develnpsMsnt of ooeytet, may be aa adaptatloa 
for an aetlve glyengea t raf f le IAVOIVIRO a dephotphorylatere isecbaaltm 
la the aeld raage tCorf aod Cori^ Aa has already bees pofated 
out Ctee Chapter fX)^ thia eaeycse @Ay t l to tafee part 1o the dephoaphory* 
lAtfoa of glueete eatert la egg$,i l ike la aperoA, to liberate fraetoae 
which nay serve as food for the developing oocytes, ^fortuaately, 
there Is no earlier evidence oa the f i th oocytes to arrive at aay valid 
eonclusloa. 
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SSMM^ 
Uss eh9sges t i th# quMt f rn lv * tfittrlbiattoQ of 8e(<l tad 
•lk»l!fte pf>esplitt«t« cettvfty tl it d«f«!o|}l»0 <voe3rl«s of it- Pttafltfmt 
•ttowed tliat t{;« alki l lse pliospkKtat* tet lvf t fy wf)tc6 wts ir«ry low^ 
tRer«it«d oarkedly wtlfa tb« sist of th« ooeytM. phosplitttat* 
•etlvtty^ on ttie ottxrr fcand, tfaoagfe fatrly fiii^lft In odcftct of a l l 
atcat| sfeofivd a daertsae with the »tte pefatfag to n» levarae eorrala-
tfOB witft the alkaline The laportaace of the obaarved 
dltirfbtttf^Q has br ie f l f dftoutted. 
cmnm - x i 
DtSTBIBOTlOH OP AC 10 AND AUfCAtlNE PBOSPIATASB AGTWITY m m 
GAStaO-nWESTlHAL mvCT or OPBICiymLUS POKCTATtS 
BUJCR. 
INtSQOlCTKII 
Although th« diftrlfeatloa of pb«sph«tt»M h»s bfl«ii ttttdt«d^ 
hfst»ehe«te»tly tn a««]r v t r tebme t i t tuts (Zorioll^ 1947; t4»feli, 
1Q49} iSeog, f Klad Md Hveekf, m S f fogtiehl At t l . , 
1966; Boog Ort l t , Sfaieli, 1960{ Sr lMiv tm, 1964)^ 
tielotflaf til* dfgMtiv* t n e t of s«vtvii1 ftthes (Al*Btit*»fnl, 1949; 
Mettreb tad Qlletttd, I96S; Ik«d«, 19S9; Pmlrath, 1961; $ffv«ttav», 
1966), th* qaut l ta t iv* •ttlewttoi} of th« aetftrltfes of theta «te]fa«t 
tiM to far rteafvcd l i t t i * attantfoii. fharfna th« prviKmt atudf m 
• t t tnpt hts %mn iMidt to Mt taat * bloehmleally the onantHfitfire dl«» 
trfbiitfoB of acid tad alkaltna plwiphatafa activity la the gattro* 
latatt laal tract of tha frMkwatar paad ««rra]^ Opltfeephalui oaactatat 
Bleeh., a eamifvarottt apaefai, faadtai; iMfaly oa SMU f f that . 
KfiSQtTS AND OtSCtlSSION 
Tha ralaa* of varteaf t ls iaci hava baaa otvan fa Tabla 26 wliara 
aach of tbaia ri^raaaata tha «aaa valoa af rapHeate datarafaattoaa of 
aavaral hoaaQaaata aaaplM abtataad froai a lar^a aaNbar of flahaa af 
90 
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approxlMt^ly t«a« t l M . 
t t f t •vtdMt frffli 26 that the eoaemtfatlaat of M i d 
«ad alksHne p}>oap))«taf«f ttiom eoattdarabl* varlatfeea t r m on« wvgiom 
of tfe* ttl«aetary etaal to the ett^er. Ttie aetlvltfet of tt>e two aeti 
of eaisyoea were lowest la tite oeaoplkagcit« la tbe ttosaaetir a mrke6 
emtntt eraa lean bctwaen ttie aettvHtea of acftf mtS alfcaHse ptoi-
pbstaaes where a hl^b aefd pfiotpbataae aettfltjr was teeoaipantedl «ttb • 
low aetlvft^ of allralfne pbospbataae. Of a l l tbe realoat^ fafobeat 
eoaeeotratlon of aetd pboapbatates oeearrod tbe atoMkcb. fa the 
latetttaef tbe reUtloatblp of tbe t«o waa eatfrely different. In tbia 
region tbe alkallae pboapbatase aetfvtty wai more tbaa tbe aefd pboi* 
pbataaa aet l r t ty . Of a l l tbe fegloaa, tbe al lal iae pboipbataaea oeenArred 
IR bttfbeat eoaeestmtloaa le tbe pylorte eaeea^ a pair of aoall blfad 
eutgrowtba preaeat at tbe Jaaetfoe of tbe atomaeb and tbe lateatfae. ta 
tbe reetaai tbe easyuMi aetlvtty «aa fair ly low wUb ao appreelable differeaot 
betmea tbe aetlvltlea ef tbe two aeta of tazyiQea. 
The qaaatltatlve dtatrfbatloa of alfcatiae pboapbataae observed 
la tbe preseat study Is fa ir ly eMparable with tbe bfstoebealeal obser-
vations wade earlier by Prakasb (1961) «a tbe digestive tract of troat, 
aad tboae of Stlvaatata <1966) ea aoM freabwater flabes ef aortbera 
tadia. No aeeoaat however, avatlable aa tbe dlatribatloa of aold 
pkospbatases la tbese fisbea. 
Tbe varlatloaa obtalaed ta tbe eeaeeatratloas of pbespbataaea 
from eae regloa of tbe digaattve t ra t t to tlie otber aa««est a possible 
r«l»tloatlitp (ftpwidtttt fipoa tli* aetfvtty aad fwaot^oaal 
dffrcrtaeltttoa of lha t i t faat Clkada, Slaea atitalta« 
phMptiataa* (• fcaom to be attoefat^d witb pHotfitiovylattoii-deftliosiikory* 
!at<oa pr«eai«at la the absor^ttoa auQar aad otkef aetnbolltea 
(Varsar aad MoDoaplI, 1936), tta narked aetlvltjp la tlie IntettiBe aeeiai 
aateefated with Ita rele fa tbe ab»< r^ptfOR food. Pyrerle eaeea of 
flakes Have lea^ beaa aaapeeted aa fHea for tbe abtorptloa of food 
(Sreeae* 1913) aad ftte eeearreaee of a tmtf blgk alkallae pkospbataae 
aetlvltjr la tbece regions aaQoeata tk«t tkeae orgaaa are easoelated 
witb e tfiailer foaottoa. fke ktgh€9t eeld pkoapbatece oetivltsr la tke 
atoeiaeti probabljr ladleatea tbat tkeie eoByaieff ere poaafbly eaaeeleted 
«ltf> tbe ieeretory aetlvlty of tke (^atrlc glaada. fa flab, like tbe etber 
rertebratet CSoeke, I960), the oeearreaee of pbotpbataaei la larfler aawaatt 
la $om raglosa of t^e ^aatro-iateitlBal traet oajr be due to their rele 
either dlreetlf or ladlreetiy la varloaa latemedlery aetabolle proeeatea 
like growth «hleb require a bl^k eaefgy daanad. I t aeeaw liniortaat to 
point eat tkat la a ter le i of experimeRts earrled eat aeparately, alQal-
fleaat dlffereaeet In tbe eoaeentratioat of pkofpkatatea la di f fermt 
reciloaa of tbe dlffeetlve traet were olMierred trihieb Mere related to tbe 
al te of tke fUk . Slaliar lattaaeef bare been reported by Prakaak (1961) 
la tbe dlffeatWe traet of treat darlag Ha developoieat ead growth «bo 
eorrelated tbeat wftk faaetloael differeat let ions of verloaa or^j^aa. 
Siaee gt- eaaetataa abem Mailed ebeRgw la Ita feedlag babitt froai 
iavealle to tke adult atage IQajryow aad QaalM, 1964), tbe trerlatlona la 
plioil^kttat* cetlvlty in the dfgMtfv« m e t of flt l i«t r«I»t«d to 
dIffortBt tlso-groapt eoal4 alio bo dm to ektuooe In tl>o eoapotUtoii 
of <}t«t. 
SOMARf 
favett fUKtUaa oa ttoo dfatrfbattoa of aefd and alkaline ptiot-
pliatata aetfvltlea tn varfoaa radioes of the gastro-lnteattaal ttaet 
of the freshwater poad crarraly PSEtSlM. ahowed tttat the hlf|li«it 
field pkofobataso aetfr l ty oeearred fa the atoaaeti and ttNi l>i(;fie«t 
atlcaltae pfcotpbataie aetfvltv iti tiie pylorte eaeea. Lonrest aetlvlttea 
of botli of tiieie emjrcMMi were foaad la the oeaopliagoa, SoaNi poselble 
explaaatioaa are gtvan for the varfatioaa la tlie mtifm aettvftf la 
varloua regloaa. 
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TilSt£ . It 
ttostklr »!««• of mHtuf m4 tmt im tk« tittuM of tto JwrwilM 
CfyrfctM •ri«il» S^ U ea.) 
tmt 1 amitit 1 loittwv % $ f^ t % i 8«ftt«7« % 3 i^ t % 
1964 81.000 o .m 19.438 1.400 
o.m 18.680 2.143 
60.090 0.180 18.613 0.941 
TT.TOO 0.I8S 19.140 0.613 
mt W.8M 0.188 16.6@0 1.119 
3m. 18.084 0.049 78.800 2,301 
80.866 0.010 18.631 3.021 
18 .086 O.K^ 18.384 4.IS0 
Stp. Tr,m 0.160 18.468 3.919 
Oei. n,m 0.081 12.984 2.136 
II»V. 18.822 0.120 18.260 1.206 
OM. n,nm o.iao 79.636 0.923 
me JM. 19.692 0.256 rt.w$ 1.616 
61.946 0.128 11.600 1.730 
117. 60.004 0 . ^ 16.826 1.662 
0.169 19.»8 0.672 
19.866 0.08S n.190 0.831 
Hm, 82.130 0.04! 19.860 0.712 
m. 80.626 0.010 18.810 3.134 
A»f. 61.060 0.138 72.860 8.122 
n.116 0.168 75.664 3.163 
Oct. 19.326 0.060 11.681 1.210 
••f. 18.040 0.118 18.114 1.264 
DM. 11.240 0.W4 79.120 0.928 
•wa V»]aM 9t wiritm eMttitmHits t« Mek tistM for 12 aMtki 
fMlt»9 4aplic«t« Mtttkfl 
Jai. 60.446 0.181 16.864 1.836 
80.G8S 0.126 16.128 1.936 
•tr. 80.018 0.186 18.670 1.411 
Apr. 11.6W O.m 79.191 0.642 
My 19.810 0.110 16.908 0.666 
Jn. 80.401 0.048 76.660 1.806 
60.S4B 0.010 78.810 3.077 
A«f. 19,818 0.119 73.982 6.136 
11.166 0.166 74.866 3.871 
Oct. 19.860 0.088 78.308 1.996 
18.261 0.119 •^ 1.497 1.234 
DM. 11.840 o.ise 79.418 0.928 
TABLE • 12 
•Mtkly ml KM #f Mitt«r« avtA fat i» t i« t i f t« t t of tli« JavMllvt 
ctyrttM f t f l t i i <«ii» n i f t 2o>ao « • . ) 
TM? 2 U»tU 1 Ipstela i Uvcr • Batatara * t f i t X « Balatara % t f i t * 
80.896 0*111 18.900 0.244 
0.110 15.424 1.715 
•ar . 19.888 0.056 11.615 1.214 
Apr. TT.iee 0.221 15.160 1.392 
"•f 18.486 0.118 T6,410 1.880 
l u . 0.011 19.804 0.823 
80.067 0.021 12.060 2.851 
Aag. 77.33T 0.134 12.680 S.373 
Sap. t6.t52 o . m 76.200 4.284 
Oct. n.m 0.105 17.302 3.411 «•?. 80.860 0.106 18.000 2.367 
Dae. 80.290 0.018 80.264 0.821 
81.016 80.112 0.080 
Feb. 19.824 0.090 18.628 0.671 
la r . 19.2S4 0.180 17,798 1.576 
Apr, 19.310 0.061 79.360 0.813 
Wf 19.052 o .on 76.273 0.386 
Jaa. 18.15® 0.036 71.600 1.099 
Jal. 00.096 0,033 77.28S 1.202 
Aag. 19.560 0.055 73.680 4.224 
Sap* 19.028 0.0W 76.820 4.153 
Get. 18.114 0.099 77.870 3.266 
(tov. 80.280 o.orr 18.540 2.206 
Oaa. 80.T98 0.066 80.412 0.783 
iMR miist of tarlaai eaMtitaaats ta aaei t i t taa far 12 Matba 
paalfsQ 4aplteata •MtlW. 
Jaa. 80.956 0.111 19.806 0.162 
rab. 19.208 0.130 11.026 1.193 
•ar . 19.561 0.118 17.736 1.395 
Apr. 18.249 0.142 77.260 1.102 
18.T69 0.091 76.341 1.133 
Jaa. 19.335 0.023 75.702 0.961 
Jal. 80.081 0.01T 74.672 2.026 
Aatf. 18.441 0.094 73.150 4.798 
Sap. T7.890 0.126 76.500 4.218 
Oet. 18.102 0.102 77.586 3.338 
Rov. 80.510 0.061 78.270 2.286 
Oae. 80.544 0.012 80.338 0.802 
TABLE . 13 
ttMtkly vtlom ftf p m e l a fs ttw tf$t««t <»f tfit ittt«i!l«s of 
SiitiUlUl SKlSllS. <»l*e f««g« l - ! 6 e«.) 
tmw Sttstkf Mvtr 
1964 JM. 12.600 7 . 8 » 
9.060 
»ar. 14.060 10.620 
1S«680 16.000 
i«y 16.070 18.000 
16.000 16.940 
Jill* 18.120 10.620 
A19. 16.760 10.310 
16.870 11.260 
Oet. 16.000 11.260 
Nov. 12.810 9 . 0 ^ 
Dee. 12,600 8.780 
1966 10.000 8.126 
r«b. 14.660 10.000 
16.000 10.000 
Apr. 16.260 11.260 
«»f 17.000 13.120 
16.2fi0 16.870 
^ I . 16.120 13.120 
A«g. 1 6 . : ^ 10.000 
S«||. 16.660 10.620 
16.690 14.060 
• •v . 12.500 9.6OT 
DM. 12.600 8.126 
values t f protftlii ( • caeft t i s ia t for 12 mntl 
• f t« r p«olt«f 4iti»lte«t« MMtlui. 
Hm. 11.260 7.467 
12.966 9.630 
l a r . 14.630 10.310 
Apr. 16.936 13.126 
16.936 14.060 
JM. 17.126 16.406 
l i K 18.120 11.870 
AIQ. 17.600 10.166 
Sfp. 16.716 10.936 
Obt. 16.310 12.666 
Her. 12.666 9.374 
i>«e. 12.600 8.437 
nam > 14 
leati l jr vtlittt af f»m«I« l« the tftsmsi «f iova i l lM Af 
Cttrfctaa «rigi l> Ctfse miig* 20-30 «ii.) 
tmw Intfes Stisel* Uv«r 
1964 I M . 11.260 7.810 
m . 10.310 7 . 8 » 
13.160 e . i ^ 
Apr. 1S.310 14.060 
mj 16.250 m.m 
J M . 16.870 16.870 
Jul. IT.SOO 10.310 
18.120 10.310 
16.560 11.870 
Oct. u . m 11.600 
14.375 9.687 
11.600 7.810 
vm Jib. 10.000 8.760 
r«i». 13.TS0 11.2S0 
8»r. 14.060 15.000 
Apt. 15.940 14.375 
Uf I6.8T0 13.120 
i m . 17.500 16.660 
Jul. 17.S00 12.500 
AOQ. 12.810 10.000 
12.810 10.000 
Oct. 14.680 12.810 
Rw. 13.120 9.316 
D M . 12.180 10.000 
Mtmn of prot«l» l» t i « t M for IS m t l i s cftMr 
f^ l l s f r 4«pli««t« m mtlui. 
10.626 8.J«0 
ra6. 12.030 9.630 
13.320 11.660 
Apr. 15.626 14.217 
16.560 14.840 
3m. 17.185 16.716 
J«l. 17.600 11.406 
Aif . 15.466 H>.156 
S«p. 14.685 10.936 
Qet. 14.627 12.206 
13.747 9.631 
Die. 11.890 8.906 
TABLS * IS 
HMtlily v«!«t« of wk t« the t i t taet of tli* j i ivMll«* •t 
S I l t i M S t S f l a i l . ( • ! " 1-16 « • . ) 
tmw • M t t e Vasela Uvat 
1964 Jia. 1.096 1.396 
Fin. 1.044 1.S7D 
• a t . 1.4T8 1.461 
Apt. 1.2i2 1.140 
w»f 1,268 1.406 
1.394 1.373 
3ml. 1.0t6 1.823 
M l . 1 . M 1.248 
S^k. 1.996 1.226 
Oct. 1.196 U34S 
Sot. 1.110 1.280 
GNW. 0.954 1.260 
JBI. i . m 1.360 
Fob. 1.200 1.393 
1.212 1.264 
^ t . U3S0 1.290 
Say 1.396 1.32S 
Jaa. 1.664 1.S80 
1.078 1.325 
ftafl. 0.B84 1.470 
l.SOO 1.272 
Oet. 1.448 1.292 
Mat. 1.124 1.200 
Dae. 1.044 1.206 
of atk ta aaek t l tawi fat 12 amatbt af tat f 
4aplieat» 
1.134 i.jrrr 
Pab. 1.122 1.481 
• a t . 1.345 t . 3 » 
1.316 1.215 
1.S42 1.366 
jtai. 1.529 1.476 
Jal. urn 1.6W 
Aa«. 1.216 1.359 
Sai». 1.348 1.249 
Oat. 1.322 1.318 
Rat. 1.117 1.240 
Dae. 0.999 1.228 
TABLS . 
iMt l i l y valBM of Mil Is the t f tswn of tli« javMllca of 
S ixH i l i . t t l M U (oiso roogo 20 « 30 ea.) 
T«ir •ostfei A»elo Mvor 
1964 MM. 1.100 1 .2^ 
F ^ . i.aao 1.300 
Ut. 1.366 I.TIS 
ApWm 1.124 1.2tS 
1.160 1.306 
Jm, 1.444 1.480 
Jtet. 1.124 1.S2R 
1.230 1.228 
Sop. 1.358 1.210 
Oet. 1.336 1.230 
Nov* i . m 1.2TO 
OM. 1.106 1.228 
1966 Jts. 1,20B 1.268 
rgi^. 1.320 1.736 
io r . 1.210 1.352 
1,618 1.ST2 
" • f 1.348 1.493 
1.439 1.460 
tel. 1.124 1.66S 
1.290 1.230 
Sop. 1.298 1.200 
Oet. 1.314 1.280 
Nov* K276 1.380 
DM. 1.226 1.212 
• M a voltes of ofH to oaeli t ( t t i i« for 12 iioittlm oft i 
poolti9 4opttetto aootit 
JM. 1.1S4 1.260 
Foil. 1.2TB 1.618 
Hor. 1.288 1.633 
Apr. 1.321 1.323 
aoy 1.2S4 1.399 
JMB. 1.441 1.470 
JoU 1.124 1.691 
1.260 1J?29 
Sop. 1.206 
Oct. 1.32S 1.240 
Nov, 1.226 J.329 
Doo. 1.166 1.220 
T J I U - I t 
n m i H f f « l « « of ttofstar* tad f«t 1» tfc* t t t t M i Af U * JiivMil«t 
d* •MwtatM Btoeli. (sis* rm9« 1*7 M l 
f« t r f ^^ ii. HlHfftili. i I • f i i t f i r * % i 
X M f t r 
fut » i wutuf % % nt% 
m4 
1966 
Mm, 80.<tS6 0.21S 1QJ3IS0 9.984 
78.692 0.346 70.296 9.864 
I t r . 77,30® 0.420 66*866 13.012 
iNif. 77.08® 0.426 66.821 14.846 
77.14t 0.497 68.048 10.976 
Jm. 79.266 0.264 70.1% 8.966 
1*1. 00.016 0.088 70.210 8 . ^ 
79.402 0.168 4^.200 9.607 
Sin. 78.636 0.470 70.400 9.262 
Oct. 77.689 0.460 67.248 12.648 
78.472 0.287 72.674 6.712 
0«e. 79.180 0.3S7 76.734 8.468 
Jm. 78.664 0.248 72.981 6.279 
F«l». 78.662 0.343 70.313 9.769 
• s r . 77.686 0.389 66 .2« 13.824 
Mpw, 77.40! 0.438 66.000 14.628 
• • r 76,600 0.484 71.916 8.016 
79.260 0.266 70.115 8.966 
79.986 0.064 70.182 8.949 
79.212 0.174 70.760 9.206 
78.402 0.402 70.648 9.206 
OeU 77.430 0.440 70.094 10.891 
78.266 0.442 69.480 8.178 
lite. 78.680 0.332 77.610 4.729 
M t f mvlOKt e M t t U m a t t t i • M i ti9B— for 12 aMtfcs 
• H u t p«»lt»tl #a|ili€tt« aMntltt 
79.610 0.230 71.600 7.631 
F A . 78.667 0.344 TO.SM 9.816 
• t r . 77.497 0.404 66.S56 13.486 
Apt. 77.214 0.432 66.910 14.7S7 
• ty 76.872 0 . 4 « 69.982 9.495 
3m, 79.268 0.264 70.116 8.966 
HU 79.986 0.076 70.196 8.949 
79.307 o . n i 69.876 9.3S6 
78.609 0.436 lOMi 9.229 
Oet. 77.859 0 . ^ 68.671 11.619 
78.364 0.339 71.127 7.446 
Ow. 78.930 0.329 76.672 6.699 
TABU . 1ft 
i M t i l y 9f |iv9tel« ! • tk« t i t t M t of tii« Jcvtalltt of 
flu PHESlli l . m f * 
tmw •M tk f i« te l« U f « r 
Jis. 13,120 12.810 
F«l>. 14.375 10.310 
Iter. 18.440 13.120 
Apr, 18 .ISO 14.680 
20.«20 16.2S0 
Jos. 16.670 11.810 
I6.IIT0 12.SOO 
1S.940 11.600 
18.120 10.166 
Oct. 14.M0 10.310 
• w . 10.620 8.760 
DM. 12.180 7.663 
wm 1 1 . ^ 7.810 
15.000 9.062 
10.120 12.810 
.W.MO 14.«80 
19.480 m.6S0 
Jm. 17.600 12.S00 
1*1. 16.610 12.SOO 
Aug. 16.870 11.870 
17.600 10.165 
Oct. 14.680 10.310 
Mot. 17.500 12.180 
OMS. 13.120 10.000 
•Mn ral««t of pm«1a ia •ack t f t t a * for 12 flM>Bth« after 
f M l l a g d^»lle«t« •Mtks . 
Jto. 12.360 10.310 
14.687' 9.666 
• t r . 18.280 12.960 
18.906 14.680 
•qr 20.ISO 16.936 
Jw. I7.18S 12.180 
16.870 12.600 
I6.40S 11.736 
17.810 K>.165 
Oct. i4.eeo 10.310 
itof. M.060 10.466 
Ow. 12.6S0 8.826 
TJI8l£ . 19 
Sftitkly f t l w * tC Mil is tk« «f tb« jmrMf lM of 
Ottfcicwitelit pJSSiSiSS. ( t fs« miQe 1>T ea) 
T«»r i M t l l l t •ntcla U r c r 
19M I t a . 1.090 1.060 
1.230 1.124 
• i v . 1.466 1.368 
Apr. 1.462 1.369 
H f 1.616 i.soe 
J w . 1.S02 I .2W 
HI. um 1.200 
Atg. 1.184 i . m 
S«p. 1.988 1.248 
Oet. i.4ao 1*364 
0.9T8 1.284 
DM* i . l60 1.206 
19«6 0 . ^ 
1.064 
Mir* t.SS) 1.296 
ft|)r* I.SOS 1.304 
1.660 1.S20 
i«2ie 1.304 
1.44Q 1.300 
Aiig. 1.264 1.201 
Stp. 1.368 1.289 
Ot«. 1.440 l . « 4 
Ifav. 1.2S2 1.260 
DM. 1.108 1.184 
• • M ir«li«t vf mil til «ae% t1ttti« for 12 wmtfas aft«r 
4i^»lte«t« MNitim 
J i * . 1.147 1.022 
rab. 1.343 1.104 
I t r . 1.8f3 1.32S 
Apr. 1.48S 1.336 
• •y 1.664 l . S l l 
1.360 1.301 
1.410 1.260 
Aag. 1.2T4 1.188 
S«p. 1.315 1.268 
Ott . 1.445 1.344 
1.113 1.212 
DM. 1.134 1.196 
T m e -20 
i*»tti ly V«1»M ef ealelMi fa tlia t l t t««t •t tka |iiv«ill«a of 
Opfctfmlialm p w e m a t Biaei. (alxa raa^t 1-7 e«} 
faar Maatka •aaela Uwt 
1964 Hit. 0.018 
m. 0.031 0.026 
• a r . 04H5 0.033 
Apr, 0.049 0.04S 
•ay 8 . 0 ^ 0.060 
Jaa. 0.057 o.o«ir 
3nU 0UM7 0.036 
Aag. 0.040 OJOS9 
0.061 0.04S 
Oat. 0.061 0.036 
May. 0.049 0.04S 
Oaa. 0.060 0.046 
J u . 0.31 0.022 
Wfc. 0.0S9 0.038 
0.049 0.029 
Apr. 0JM9 00)40 
•ay O.OS8 0.064 
I n . 0.0S9 0.048 
Jai, 0.0S3 0.045 
ftag. 0.030 0.036 
Sap. 0.040 0.046 
Oat. 0.064 0.060 
Nav. 0.046 0.046 
Daa. 0.09B 0.<®9 
•aaa talact fa aaeH tlaaaa far 13 aaatka aftar paalfag 
4aplicata i •aatka. 
Jaa. 0.096 0.020 
Fab. 0.036 
• a r . 0.047 0.031 
Apr. 0.049 0.042 
0.071 0.062 
Jaa. 0.068 0.045 
Jal. 0.060 0.040 
kw§. 0.036 0.092 
Sap. 0.050 0.046 
Oat. 0.064 0.047 
flav. 0.047 0.046 
Dae. 0.044 0.037 
rmts - 21 
MratMy tt l lMf of pkMplMTW tfe* <!••««• ttf tiM JtVMtlM 
of 0|iftle«plk»l«t pvaetotwi Bloeli. Ct!s« niKg* 1-T es,) 
tmt KMtlit •oselo Urof 
1964 Am. 0 . ^ 0 0.300 
r«i>. 0.40S 0.520 
Iter. 0.43S 0.560 
O.OO 0.57S 
My 0 . 6 ^ 0.650 
i n . 0.44D 0.590 
0.S90 0.560 
0,330 0.490 
SojpB 0.435 0.545 
Oct. 0.52S 0.690 
li®f • 0*360 0.440 
0.350 0.435 
m s 0.340 0«436 
r«b. 0.407 0.545 
•s r . 0.435 0.5«S 
Apr. 0.890 0.575 
• t y 0.645 0.680 
0.4«) 0.590 
HI. 0.330 0.545 
Anf. 0.300 0.530 
Sop. 0.390 0.525 
Oct. 0.545 0.545 
Nov. 0.315 0.440 
Ooo. 0.340 0.340 
Imb y«l«M lo ooeh ticfoo for 12 MItf t f oflor pooll«9 
4«iplfeoto aoi itkf 
Joo. 0.3% 0.367 
rob. 0.406 0.532 
«ar. 0.435 0.552 
Apr. 0.515 0.575 
• • 7 0.567 0.«fi0 
0.440 0.590 
lo l . 0.350 0.552 
Aof. 0.315 0.510 
Sop. 0.412 0.532 
Oet. 0.535 0.567 
Ilor. 0.337 0.440 
Doo. 0.345 0.437 
TABtS . 22 
Sofftli]; valaet of et let ia asd pfeost^orat ts t i * tlttses «f ttw 
jmrnllvs of GttrtiiM wigf la ( f fx« 1 - 16 es.) 
fmt 1 iMt l l t i ta ie l m j iMBion w r i i M t l a : Uver •aaela 1 t i ra r 
mi 0 . 0 ^ 0.360 0.510 
F«b. 0.021 0.020 0.3y?5 0.546 
• • r . 0.018 0.01^ 0.40S 0.890 
Apr. 0.046 0.470 0.646 
t f 0.0S6 0.060 0.470 0.695 
Jin. 0.063 o.oeo 0.470 0.715 
0.014 0.026 0.320 0.380 
Attd. 0.024 0.04B 0.340 0.440 
Sep* 0.031 Q.0«0 0.406 0.560 
Oet. 0.037 0.070 0.37S 0.470 
0.026 o.oeo 0.3Q0 0.500 
DM. 0.020 O.0S2 0.21^ o . « o 
wm JM. OJ013 0.035 0.900 0.645 
F«l». 0.016 0.02X 0.376 0.630 
• t r . 0.024 0.016 0.406 0.270 
Apr. 0.026 0.033 0.406 0.470 
mf 0.045 0.067 0.4S0 0 ^ 
Mm, 0.051 0.07S o.axi 0.710 
HU 0.024 0.03S 0.340 0.440 
Aiw. 0.030 0.062 0.378 0.500 
S«p. 0.02B 0.064 0.37S 0.606 
Oet. 0.032 0.064 0.878 0.545 
0.03(1 0.042 0 . ^ 0.480 
Dm. 0.025 0.0S8 0 . 2 ^ 0.410 
H««a talii«i of vartoM eoRttlUtatt ia eaek tfataa for 12 1 
aftar paaliaf 4«pltcata m atka 
JM. O.OIS 0.026 0.326 0.627 
Fab. 0 . 0 9 0.020 0.376 0.637 
Kar. 0.0S] 0.018 0.406 0.280 
Apr. 0.036 0.032 0.437 0.607 
• •y O.OSO 0.063 0.460 0.550 
Jm, 0.065 0.077 0.486 0.712 
Jat. 0.019 0.028 0.330 0.410 
Ai^. 0.027 o . < ^ 0.357 0.470 
Sap. 0.029 0.062 0.390 0.582 
Oet. 0.034 0.067 0.376 0.607 
i a r . 0.032 0.061 0.292 0.490 
Oaa. 0.022 0.066 0.286 0.430 
TABUS . 23 
flmtlily v»l««i 9f ealelM mil ptMjMtorwi la tft* t i t tvat »f tk« 
j w r w i i M of fftyrifctii • r f .oi l i <«tM m t t c«) 
* SMtks * f f riffffifm y i latela s U««r Amela s Llyar 
19M 
1966 
0.018 0.02S 0,9tB 0.440 
0.017 0.024 0.420 0.436 
i t r . 0.0IS 0.03S 0.340 0*390 
0.032 O.OSE8 0.S60 0.410 
l i r 
JM. 
0.0S2 o.oao 0.890 0.606 
0.036 0.062 0 . ^ 0.620 
J i l . 0.024 0.026 0.315 0.436 
Aim. 0.022 0J3SQ 0.330 0 . 4 ^ 
Sap. 0.024 0.03!> 0.406 0.6K> 
Oet» 0.018 0.036 0.350 o . c o 
Itov* 0.018 0.026 0.350 0.406 
Dae. 0.021 0.017 0.37S 0.3B0 
• In . 0.016 0.023 o.4or 0,420 
0.014 0jai7 0.360 0.406 
• t r . 0.012 0.011 0.660 0.390 
A]>r. 0.023 0.026 0.407 0.460 
0.028 0.034 0.470 0.660 
in. 0.044 0.080 0.660 0.M6 
Jal. 04)20 0.024 0.340 0.406 
Aag. 0.024 0.033 0.330 0.440 
S®p« 0.030 0.038 0.420 0.620 
QM. 0.024 0.038 0.376 0.440 
0.020 0.042 0.330 0.410 
Sae. 0.016 OJ012 0.376 0.440 
MS of varlMS caaatttaaatt fa asek t l t taa far 12 
mf%9t paallaff daplteata wntH 
Jia. 0.017 0.023 0.381 0.430 
Fak. 0.018 0.020 0.386 0.420 
•ar« 0.013 0.018 0.460 0.390 
Apr, 0.027 0.007 0.483 0.460 
• ly 0.080 0.032 0.630 0.682 
Jaa. 0.040 0.061 0.670 0.607 
Jal. O.OS2 0.09S 0.367 0.420 
Aif . 0.(KI3 0.026 0.330 0.437 
Sap. 0.027 0*039 0.412 0.616 
Oat. &.021 O.C07 0 . 3 ^ 0.430 
Kav* 0,019 0.034 0.340 0.407 
Ooe. 0.018 0.014 0.376 0.410 
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laSUE . 2S 
Aei4 a l t e t l * * aetfvity Is d«v«l«i>i«9 
l« tarat ttf Brnmm^ m t t t . 
•MB rntft* df«Mt«r I Altai ttte piaspbatata i A«M yltwiMkatua 
la Ml. 1 Aetlvltv f aetlvftv 
0.24B 0.0<3 1.960 
0.382 0U)S4 1.8B6 
0.629 0.06& 1.821 
0.«84 O.OKI 1.778 
o,m 0.085 1.928 
0.«67 0.0W 1.24S 
0.676 o,m 1,0W 
0.«99 0.116 0.972 
O . W 0.127 0,887 
0.9C3 0.14B 0.607 
1.047 O.IJW 0.S71 
1.091 0.I4B 0.607 
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GENBBAL SOttlASf 
StadfM OS tke bloebeafeal eoapotftto* of sooe fresfciMter flshct 
darfog the prenatturtty « J«vea11« pliasc Iscladed ttie aiitiljr*«s of 
protela, fa t , taotstore* u b , e«ito6ydm«. ealctita aad pbospliorot 
eonteatff tn the isttsele aad tbe caleulatloD of ealorlfie valae of aaeli 
species* Hie pereeatages of protein, ask. caleiuai aad ptiosphoros la 
Jttveades were geaerally htglier tfean ta the adults. The fat pereeatage. 
(m the other hand, was aaeh lover la tm*t of tbo species, lolstare 
values ware high la javealles. fa ttost species the suai of fat and 
water (F ^ tt) «AS Ailrly coastaat. CarlMthydrate cooteat shoved ao 
deflaUe pattam of dlstrlbotloa. la favealles althou^ the calorific 
value of protala-fractloa «as high, the total calorific value was 
9««erally lower than la the adults. 
Out of a l l the species thus aaalysad. four cmnerclally fo^ortaat 
fishes wara selected for oora detailed lavestIgatfo»s oa the chaages 
la the bloehealcal cowposltloa aad autrlt lva value of their aascle fa 
ralatloa to age or leagth. Those lacladad the coaama earrel, fk^hiceohalaa 
pi^ e^ a^tMS Bloch.. the coaaoa carp, C^yrbl^a (lian.) and two cosaea 
cat-fishes, aaaely, Walla^oala attu <Bleeh.) aad avstut seeanhala (Sv»es). 
The saaller or juvealle fishes ware foaad to be rich la oost of the 
blochewlcal ctMStltuaats which war«> depleted during growth. All thesa 
chaages ladlcate considerable daoaad af body reserves for the growing 
fish. Specific patttras wera, howevar, aoted for particular lagredleats 
la each species. 
Saasoaal chaages fa the biochemical coaposltloa have been studied 
la the tissues (wncle aad l iver) of ^ wrloala aad Q.. nuactatus duriag 
• I t 
the pr«HMturlt7 pbas*. Th« period of iavestfgatfoo o» thes« f lsh^ 
wmn extended ever • period of t«o years and mat My data on dlffereat 
bloehaiitral eoostftoents were (Stained fn tiie fom of seasonal eye1(»(. 
these varfattoas eao be stHaenrlsed as follows: Fat, protela, asb. 
ealcfiffl and pbosplierits la tbe t«fo tissues of the .fuv«sfles metf adapted 
to aa aaaoal rtytbs. BIqb and low values were found to alteraste wltb 
each otlmr. Tbe cycles of different constituents lo the two tissues 
were aore or less Identical. Tbe aolstore cycle showed Inverse relatloa* 
skip witb tbe total fat both la tbe nuscle as well as In tbe l iver. 
the seasonal rises and fal ls of tbe various blocbwalcal coastitueats 
ia fishes durlag tbe pre-«atarlty phase se i^d to be reqalated aostly 
by tbe changes la tbe feeding Intensity. BIgb values of various reserves 
generally corresponded to tbe period i^ea tbe food Intake was btqbest 
and conversely, low values eorrespoaded to tbe Derfod when there was a 
decline In tbe feeding act ivi ty, Tbe ananal cycles of different reserves 
observed la Juveniles differed considerably froa those In tbe adult or 
amture fishes where the effect of iststuratlon and spamiing cycle was 
aore pronounced. These fladlags throw soae llntit on the ebanqes In the 
blochealcal coaposltlos which tbe fish undergoes fron tbe pre->aatarlty 
to tbe post.Baturlty phase of I ts l i f e cycle. 
Studies oa the phosphatases showed that In tbe eggs tbe allcaliRe 
phosphatase activity was very weatc while tbe activity of acid phosphatase 
was relatively stroager. fa the oocytes of Q. pMSMlSI. l^i® alkaline 
phosphatase activity, wl'Icb was very low. lacreased oarkedly with the 
slae ef the oocytes. Add phosphatase actlvfty. on tbe other hand, though 
fair ly htgh la oocytes showed a decrease with sire. Ia the gastro«. 
latestlaal tract of tbe sane fish tbe highest add phosphatase activity 
occurred In the steiaach and the highest alkaline phosohatase activity la 
tbe pyloric caeca. Lowest activities of both of thes* enxynes were foaad 
la the oesophagus. The loportance ef the observed distribution has been 
brief ly discussed. 
